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The  mission  of  the  Research  Laboratories  is  to  study  the  oceans,  inland  waters,  the 
lower  and  upper  atmosphere,  the  space  environment,  and  the  earth,  in  search  of  the  under- 
standing needed  to  provide  more  useful  services  in  improving  man's  prospects  for  survival 
as  influenced  by  the  physical  environment.   Laboratories  contributing  to  these  studies  are: 

Earth  Sciences  Laboratories:  Geomagnetism,  seismology,  geodesy,  and  related  earth 
sciences;  earthquake  processes,  internal  structure  and  accurate  figure  of  the  Earth,  and 
distribution  of  the  Earth's  mass. 

Atlantic  Oceanographic  and  Meteorological  Laboratories:  Oceanography,  with  emphasis 
on  the  geology  and  geophysics  of  ocean  basins,  oceanic  processes,  sea-air  interactions, 
hurricane  research,  and  weather  modification  (Miami,  Florida). 

Pacific  Oceanographic  Laboratories:  Oceanography;  geology  and  geophysics  of  the 
Pacific  Basin  and  margins;  oceanic  processes  and  dynamics;  tsunami  generation,  propaga- 
tion, modification,  detection,  and  monitoring  (Seattle,  Washington). 

Atmospheric  Physics  and  Chemistry  Laboratory:  Cloud  physics  and  precipitation;  chem- 
ical composition  and  nucleating  substances  in  the  lower  atmosphere;  and  laboratory  and 
field  experiments  toward  developing  feasible  methods  of  weather  modification. 

Air  Resources  Laboratories:  Diffusion,  transport,  and  dissipation  of  atmospheric  con- 
taminants; development  of  methods  for  prediction  and  control  of  atmospheric  pollution 
(Silver  Spring,  Maryland). 

Geophysical  Fluid  Dynamics  Laboratory:  Dynamics  and  physics  of  geophysical  fluid 
systems;  development  of  a  theoretical  basis,  through  mathematical  modeling  and  computer 
simulation,  for  the  behavior  and  properties  of  the  atmosphere  and  the  oceans  (Princeton, 
New  Jersey). 

National  Severe  Storms  Laboratory:  Tornadoes,  squall  lines,  thunderstorms,  and  other 
severe  local  convective  phenomena  toward  achieving  improved  methods  of  forecasting, 
detecting,  and  providing  advance  warnings  (Norman,  Oklahoma). 

Space  Disturbances  Laboratory:  Nature,  behavior,  and  mechanisms  of  space  disturb- 
ances; development  and  use  of  techniques  for  continuous  monitoring  and  early  detection 
and  reporting  of  important  disturbances. 

Aeronomy  Laboratory:  Theoretical,  laboratory,  rocket,  and  satellite  studies  of  the 
physical  and  chemical  processes  controlling  the  ionosphere  and  exosphere  of  the  earth  and 
other  planets. 

Wave  Propagation  Laboratory:  Development  of  new  methods  for  remote  sensing  of  the 
geophysical  environment;  special  emphasis  on  propagation  of  sound  waves,  and  electro- 
magnetic waves  at  millimeter,  infrared,  and  optical  frequencies. 
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nature  of  radio  noise  and  interference,  information  transmission  and  antennas,  and  meth- 
ods for  the  more  effective  use  of  the  radio  spectrum  for  telecommunications. 
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search; and  meets  needs  of  ESSA  and  other  groups  for  environmental  measurements  for 
aircraft  (Miami,  Florida). 
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HF  SKY-WAVE  MEASUREMENTS  AND  PREDICTIONS 
(Task  2.6  g  of  Addendum  No.    2) 

L.    L.    Proctor,   D.    D.    Crombie,    H.    G.    Sellery, 
Li.    L.    Melanson,    and  B.    C.    Willmarth 


Measurements  for  the  month  of  April  I969  were 
made  on  a  2.666-MHz  east-west  path  between  Long 
Branch,   Illinois,   and  Boulder,    Colorado,   to  validate 
current  ESSA/ITS  prediction  programs.     After  the 
difference  between  the  measured  observations  and  the 
computer  calculations  had  been  determined,   additional 
path  calculations  centered  about  the  Boulder  receiving 
site  were  made  to  identify  potential  interfering  sources. 
Point-to-point  calculations  along  quadrature  radials 
were  used^    with  the  range  being  incremented  five  times 
along  each  radial  between  the  limits  of  500  and  5000  km. 

The  analysis  determines  the  required  transmitter 
power  to  produce  a  CW  signal  via  the  predominant  mode 
which  is  90  percent  reliable     and  12  dB  above  the  con- 
trolling noise  (atmospheric,   man-made,    galactic,    or  a 
combination).      The  averaged  night  values  of  required 
transraitter  power  including  an  8-dB  correction  factor 
found  from  the  measured  observations,    are  tabulated 
by  raonth  as  a  function  of  both  the  bearing  and  range. 

Key  Words:      High-frequency,    ionospheric,   measurements, 
predictions,    signal-to-noise,    sky-wave, 
transmission,    transmitter  power. 

1.     INTRODUCTION 

A  short  range  ( <  1  00  km)  ground-wave  communication  system 
operating  in  the  2-to- 3-MHz  region  of  the  spectrum  may  be  subject  to 
accidental  or  deliberate  interference  from  sky-wave  signals  from 
distant  transmitters  operating  on  the  same  frequency.      Since  this  band 
has  many  transmitter  allocations  for  each  channel  (IFRB,    1969),    a 
study  was  undertaken  to  determine  the  interference  threat  these 
allocations  might  present. 


Signals  from  a  transmitter  operating  on  2.666  MHz  at  Long 
Branch,   Illinois,   were  measured  at  Boulder,    Colorado.      The  results 
were  used  to  confirnn  the  validity  of  the  ESSA/ITS  prediction  program 
(Barghausen  et  al.  ,    1969).      The  program  was  then  used  to  predict  the 
transmitter  power  necessary  to  cause  intolerable  interference  on  this 
frequency  from  various  distances.      This  pilot  study  illustrates  an 
available  method  for  determining  potential  sky-wave  interference. 

2.      THE  EXPERIMENT 
For  verification  of  the  present  ESSA/ITS  HF  sky-wave  pre- 
dictions,   a  transmitter  operating  in  the  2 -to- 3-MHz  band  was  established 
at  Long  Branch,    Illinois,    and  monitored  in  Boulder,    Colorado.      The 
path  distance  is  1288  km.     Measurements  of  the  nighttime  signal  strength 
in  a  number  of  adjacent  100-Hz  channels  were  recorded  and  analyzed 
for  April  1969. 

2.  1     Instrumentation 
The  system  used  for  the  Long  Branch-to-Boulder  circuit  was 
representative  of  those  expected  for  a  narrow-band  (100  Hz)  ground- 
wave  communication  system.      The  system  consisted  of  a  CW trans- 
mitter operating  on  a  frequency  of  2.666240  MHz,   with  the  receiving 
terminal  equipment  being  a  100-Hz  IF  bandwidth  receiver. 

2.  1.  1     Transmitting  Equipment 

The  transmitting  terminal  parameters  for  computer  circuit 

simulation  were: 

Location  -        Havana,   Illinois 

40.30ON,   90.06°W 

Frequency  -    2.666240  MHz 

Power  -  1.2  kW  (input  to  antenna) 

Emission  -      Continuous  wave 


Antenna  -         Sloping  vee;  feed  height  80  ft  (24.4  m); 
termination  height,   20  ft  (6.1   m); 
semi-apex  angle,    35    ;     leg-length,    250  ft 
(76.2  m);  orientation,    on  great  circle  to 
receiver  site. 

Because  preliminary  daytime  observations  indicated  that  the 

signals  could  not  be  detected  in  Boulder,   most  data  were  recorded  at 

night.      Both  the  days  and  hours  of  operation  are  indicated  in  table  1. 

2.1.2     Receiving  equipment 

The  receiving  terminal  parameters  for  computer  circuit  simu- 
lation were: 

Location  -        Boulder,    Colorado, 
40.11°N,   105.24°W 

Frequency  -    2.666  MHz  ±(^500  Hz) 

Required 

SNR  -  20.0  dB  (signal-to-noise  power  ratio) 

Man-made 

noise  -  Suburban  (equivalent  to  -148.6  dBW) 

Antenna  -         Vertical  monopole;  quarter  wavelength 
at  2.666  MHz. 

The  receiving  terminal  system  shown  in  figure  1    consists  of  a  Hammur- 
land  SP  600  receiver,   with  the  local  oscillator  replaced  by  a  pro- 
grammed frequency  synthesizer.      The  receiver's  first  IF  output  was 
heterodyned  to  1  0  kHz  and  passed  through  a  square  100-Hz  bandpass 
filter.      The  filter  output  was  rectified  and  fed  to  both  a  strip- chart 
recorder  and  an  FM  tape  recorder.      The  receiver's  local  oscillator  was 
programmed  to  cover  1000  Hz  of  RF  bandwidth  in  1  0  steps  of  100  Hz  each 
at  a  rate  of  12  steps  per  hour.      Thus,    eacfl  step's  sample  time  was 
5  min    ,   with  the  fifth  100-Hz  step  centered  on  the  desired  Long  Branch 
transmitter  frequency  of  2.666240  MHz. 
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Table  1.      Data  Recording  Times. 
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Circled  hours  are  used  in  the  data  analyzed  in  table  2. 
*       Local  time  at  path  midpoint  corresponding  to  1   UT  is  1  8.  5  hrs, 
**     Day  100  is  equivalent  to  April  10. 
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Figure  1.     Receiving  System. 


The  amplitude  stability  of  the  receiving  equipment  and  tape 
recorder  were  frequently  checked  by  means  of  a  1-millivolt  signal 
generator  reference  level  and  an  impedance  matched  step  attenuator 
for  calibration. 

The  detected  output  voltage  of  the  receiver  system  corresponded 
to  a  level  of  15.  5  dB  above  the  measured  field  strength  in  microvolts 
per    meter.     The  field  strength  used  for  this  calibration  was  produced 
by  a  2.  666-MRz  transmitter  located  at  a  field  site  near  Erie,    Colorado, 
and  measured  by  a  calibrated  field  intensity  meter  at  the  receiving 
antenna.     The  15.  5-dB  factor  was  used  in  determining  the  actual  field 
strength  from  the  recorded  analog  voltages. 


2.  2    Data  Analysis 
The  analog  data  obtained  from  field  measurements  were 
recorded  on  FM  magnetic  tape  that  had  been  programraed  to  interface 
with  available  ESSA/ITS  data  analysis  equipment.      The  calibration  and 
received  signal  voltages  were  both  processed  on  the  Time  Data  ]  00 
(TD-100)  "hard-wired"   computer  to  produce  autocorrelation  functions 
and  digital  cumulative  amplitude  distributions.      The  block  diagram  in 
figure  2  illustrates  the  method  used. 
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Figure  2.     Data  reduction  system. 


In  the  data  reduction  process  the  first  step  was  the  generation 
of  an  amplitude  histogram  by  sampling  the  recorded  analog  signal  62 
times  per  second  with  an  aperture  width  of  16  us.     Each  sample  was 


converted  to  a  digital  integer  value  between  000  and  254  (8  bits).      This 
integer  value  established  the  address  in  a  255-word  section  of  memory 
to  be  incremented  by  one.      Thus,    at  the  end  of  the  5-min  tirae  segment, 
the  accumulated  value  in  each  word  represents  the  number  of  times  the 
corresponding  discrete  amplitude  occurred  in  the  input  function. 

The  content  of  the  255-word  memory  was  recorded  in  digital 
form  on  magnetic  tape  for  final  processing.      The  ERL  central  computer 
facility  (CDC  3800)  processed  the  histogram  amplitude  distributions  of 
the  received  2.666-MHz  signals  and  of  the  noise  of  adjacent  channels  to 
produce  the  plots  shown  in  appendix  D.     The  amplitude  probability 
distribution  (APD)  curves  for  the  two  100-Hz  channels  adjacent  to  the 
signal  channel  show  a  marked  change  from  those  of  the  other  noise 
channels.     The  APD  curves  of  the  desired  signal  are  identified  as  being 
recorded  20  min  (MIN  20)  after  the  hour.      The  decibel  calibration 
curves  referenced  to  stable  1 -millivolt  level  are  identified  as  MIN  70. 
Figure  3  shows  an  example  of  a  calibration  curve  for  April  2  3.      The 
horizontal  scale  displaceraent  toward  the  right  aids  the  visual  identifica- 
tion of  the  increasing  attenuation  levels. 

A  linear  decibel  transfer  function  was  assumed  for  the  collected 
data  generated  in  the  computer  program  by  which  the  CRT    plots  were 
made.     Because  the  daily  calibration  plots  showed  variations  due  to  the 
actual  nonlinearity  of  the  receiving  and  recording  equipment,    manual 
scaling  and  transferring  of  the  individual  APD  plots  to  a  standard  scale 
were  required  as  intermediate  steps.      Table  2  identifies  the  analyzed 
signal  data  scaled  for  the  10,    50,   and  90  percentages  of  time  levels. 

2.  3    Discussion 
The  2.666-MHz  transmissions  from  Long  Branch,    Illinois,    (WWI) 
were  consistently  received  at  Boulder,    Colorado,    during  the  nighttime 
and  relatively  few  consistent  and/or  strong  additional  signals  were 


*     CRT  is  an  abbreviation  for    cathode  ray  tube. 
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recorded  over  the  1000-Hz  band  sampled.      To  confirm  that  no  other 
signal  than  WWI  was  being  received  on  2.666Z40  MHz,   an  overnight 
recording  was  made  on  June  26,    1969,   with  the  transmitter  specially 
keyed  to  produce  long  noise  breaks.     No  additional  station  activity,    other 
than  what  could  be  attributed  to  noise,   was  recorded  on  this  date.     A 
second  overnight  recording  of  the  frequency  range  2.5  to  3.0  MHz  based 
on  5000  100-Hz  samples,    two  per  second,    suggested  that  night  occupancy 
of  this  5  00-kHz  sector  of  the  spectrum  was  very  similar  to  the  more 
restricted  1-kHz  section,    i.  e.  ,    relatively  low  occupancy  as  received  at 
Boulder  during  the  test  period. 

Figure  3  shows  a  microfilm  APD  reproduction  resulting  from  a 
5-min  CW  signal  starting  at  03:20  universal  time  on  April  2  3,    1969     (day 
113).     Also  shown  is  the  calibration  for  this  date.      The  CRT  plots  are 
displayed  on  a  linear  decibel  scale  versus  a  Rayleigh  probability  distri- 
bution scale.      Figure  4  is  the  result  of  transcribing  several  APD  points 
at  the  0.1,    1,    10,   50,   90,   and  99  percentage  of  time  levels  to  a  common 
scale.      The  figure  shows  the  median  value  as  a  curve  with  scatter  points 
for  hours  2  through  11   UT. 

Three  autocorrelation  functions  of  the  received  signal  for  day  94 
(April  4)  are  shown  in  figure  5  as  computed  with  the  TD-100  and  the 
X-Y  plotter.      The  autocorrelation  decays  in  a  few  seconds  to  zero  and 
then  oscillates  about  zero  for  larger  time  lags. 

3.     THE  MODEL 
3.  1     General  Description 
Computer  programs  are  available  that  predict  many  of  the  indica- 
tors of  performance  for  ionospheric  telecommunication  systems 
(Barghausen  et  al.  ,    1969),    such  as  propagation  mode,   takeoff  and  arrival 
angles,    time  delay,    probability  of  ionospheric  support,    median  available 
signal-to-noise  ratio,    median  field  strength  at  the  receiving  site,    circuit 
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Figure  4.       Channel  5  amplitude  probability  distributions  for  hours  2  through 
11   UT  for  days  100,    101,    113,    114,   and  115. 
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reliability,    and  service  probability.      The  reverse  process  of  deter- 
mining,   for  a  given  communication  circuit,    the  transmitting  power 
required  for  a  given  value  of  circuit  reliability  or  service  probability 
and  time  availability  on  HF  ionospheric  systems  is  equally  desirable 
(Rosich,   1969). 

These  long-term  monthly  median  prediction  estimates  of  system 
performance  are  based  on  such  parameters  as  season,    solar  activity 
level,   the  geographic  location  of  the  transmitting  and  receiving  antennas, 
and  required  SNR.      The  HF  power  prediction  program  has  been  des- 
cribed by  Rosich  (1969)  and  will  not  be  reviewed  in  detail  here. 

In  this  study,    a  computer  print-out  presentation  was  developed 
whereby  potential  interference  can  be  evaluated  on  the  basis  of  the 
ESSA/ITS  prediction  model.      The  evaluation  is  complicated  by  the  fact 
that  the  signal  strength  depends  strongly  upon  frequency,   time  of  day, 
and  other  system  pararaeters. 

It  should  be  kept  in  mind  that  the  model  yields  only  long-term 
estimates  of  system  performance  and  does  not  include  short-term 
phenomena. 

It  is  convenient  and  practical  to  distinguish  between  short-term 
and  long-term  variations  of  signal  strength.     Variability  within  a  single 
hour  is  arbitrarily  classified  as    "short  term",    and  is  allowed  for  by  a 
minimum  hourly  median  required  SNR.      This  additional  SNR  quantity 
is  simply  that  number  of  decibels  by  which  the  predetection  hourly 
median  rms  signal  level  exceeds  this  rms  noise  level  in  order  to  pro- 
vide the  specified  grade  of  service  during  that  hour.      The  study  of  long- 
term  variability  is  then  concerned  with  the  variability  of  these  hourly 
medians. 
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3.2    Discussion 

Once  the  circuit  terminal  hardware  parameters  have  been  deter- 
mined,   the  signal-to-noise  ratio  (SNR)  is  the  primary  factor  in  determining 
circuit  reliability",   which  is  directly  associated  with  a  grade  of  service. 
The  grade  of  service  defines  the  type  of  communication  transmissions 
desired  --  for  example,   the  percentage  of  error-free  messages  in  tele- 
type,  the  intelligibility  of  voice,   or  the  percentage  of  satisfactory  observa- 
tions of  facsimile.     A  minimum  required  SNR  is  associated  with  the 
desired  grade  of  service  (Akima  et  al.  ,    1969).      The  SNR  specified  by  the 
program  user  as  input  data  is  determined  from  the  class  of  emission, 
modulation  index,   modulation  rate,    signal  codes,    error-correcting 
schemes,    effects  of  fading,   noise  reducers,    optimum  modulation  detec 
tion  techniques,    and  diversity  schemes.      The  required  SNRs  for  satis- 
factory service  for  some  systems  are  listed  in  appendix  A  as  reproduced 
from  Barghausen  et  al.      (1969). 

The  procedure  for  calculating  circuit  reliability  for  a  particular 
path  and  frequency  consists  of    (a)  determining  the  maximum  frequency 
that  will  be  supported  by  the  ionosphere;     (b)  calculating  the  probability 
that  the  specific  frequency  of  interest  will  be  propagated  at  a  given  hour 
within  the  month;     (c)  finding  the  distribution  of  SNR  from  the  median  and 
standard  deviation  of  both  signal  power  and  noise  power;     (d)  calculating 
the  probability  that  the  SNR  will  exceed  the  required  SNR;     and   (e)  multi- 
plying the  two  probabilities  from  (b)  and  (d)  to  give  an  estimate  of  circuit 
reliability. 

The  median  value  of  received  signal  power     P       required  for  mini- 
mum acceptable  grade  of  service  during  the  month  at  a  given  hour  is 
(CCIR,    1964) 


P     =F         +R      ^  +  B  -  204  (dBW)   ,  (1) 

e  am  md 


where 
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F  =     median  of  the  hourly  values  of  radio  noise  power  density 

am 

F       within  a  seasonal  time  block     (dBW/Hz), 

R       ,     =      required  system  signal-to-noise  power  density  ratio  in 
md  i  ^  o 

1-Hz  bandwidth,    (dB),    and 
B  =      effective  receiver  bandwidth  (dB:   log     b;     b  in  Hz). 

The  values  of    F_,^    are  representative  of  those  that  would  be  obtained 
am 

with  a  short  vertical  lossless  antenna  over  a  perfectly  conducting  plane 

earth.      The  use  of  other  antennas  requires  some  correction  because  of 

directivity  and  polarization.      The  available  signal-to-noise  ratio,   R     ,     , 

at  the  receiving  antenna  terminals  is  calculated  by  combining  the  received 

signal  power  with  the  received  noise  power: 

Rg/j^    =    S  -  N  (dB)    ,  (2) 

■where 

S  =    monthly  median  signal  in  decibels  for  the  specific  hour,   and 

N  =    raonthly  median  of  the  hourly  median  radio  noise  power  in 
decibels. 

The  probability,     qc/ivr  »    that  the  available  signal-to-noise  ratio,   R„,^, 
exceeds  the  required  SNR,   R      j*   is  evaluated  by  the  chi- square  proba- 
bility functions.      The  chi  square,      X^  »    ^^  gamma  distribution  is  used  in 
order  to  represent  reasonably  well  both  the  positively  and  negatively 
skewed  data  distributions  that  have  been  incorporated  into  the  coraputer 
prediction  programs. 

The    )^   probability  distribution  function  is   convenient  because  the 
ionospheric  F-layer  data  distribution  and  other  physical  data  based  on 
observations  have  been  recorded  and  reduced  for  years  in  terms  of  only 
the  10,    50,    and  90  percent  points.      These  forms  of  ionospheric  data 
reduced  to  numerical  maps  and  tables  are  represented  in  the  ESSA/ITS 
computer  prediction  program  and  associated  data  tapes.      The  statistical 
model  is  fitted  to  these  three  points  and  evaluated  when  a  probability  of 
occurrence  other  than  10,    50,    or  90  percent  is  needed.      Since     in  cora- 
puter applications  the  entire  distribution  has  to  be  estimated,    it  is 
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assumed  that  the  observed  variable  can  be  approximated  by  a  linear 
function  of  a  chi- square  variable  with  unknown  degrees  of  freedom. 
The  many  detailed  uses  of  the    x^   probability  distribution  function  for 
determining  the  expected  system  performance  can  be  found  in  recent 
reports  (Barghausen  et  al.  ,    1969;    Zacharisen  and  Crow,    1970). 

Two  different  measures  of  expected  system  performance  are 
provided  by  the  prediction  program    (see  app.    B),     The  first  is  based 
on  circuit  reliability,    discussed  earlier  in  this  section,   which  is  obtained 
from  monthly  median  estimates    of  all  operational  parameters  and  their 
distributions.      Circuit  reliability  represents  simply  the  expected  frac- 
tion of  days  in  the  month  at  the  given  hour  that  successful  communication 
is  expected  at  the  operating  frequency  of  interest. 

An  alternate  method  gives  estimates  of  the  service  probability, 
which  is  defined  as  the  probability  of  obtaining  a  predetermined  grade  of 
service  or  better  during  a  specific  percentage  of  time.      It  includes  esti- 
mates of  the  prediction  uncertainties  associated  with  the  operational 
parameters  as  a  function  of  the  percentage  of  time  the  specified  grade 
of  service  is  required. 

4.      COMPARISON  AND  EVALUATION 
Examination  of  data  frora  field  measurements  converted  into 
cumulative  distribution  functions  showed  that  the  maximum  median  field 
strength  occurred  between  2  and  11   UT.      The  raedian  value  for  the  data 
taken  (5-min  saraple/hr)  during  all  these  hours  was  34  dB  above  1  \J.  v/m, 
with  upper  and  lower  deciles  of  39  dB  and  2  3  dB,    respectively.      Figure  6 
shows  an  averaged  plot  of  analyzed  data  for  each  hour  taken  during  this 
test  period;  these  data  are  tabulated  in  table  2.      The  hourly  predicted 
median  values  for  April  are  plotted  for  comparison  with  observed 
medians.      The  computed  median  value  for  the  dominant  1  F  mode  during 
the  night  hours  of  3  through  11   UT  was  26  dB  above  1  ^  v/m.     Although 
the  predicted  median  field  strengths  were  about  8  dB  lower  than  those 
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Figure  6.      Comparison  of  measured  and  predicted  field  strengths. 
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observed,    the  general  agreement  between  the  observations  and  predic- 
tions is  considered  very  good.      This  result  is  in  agreement  with  other 
comparisons  between  predictions  and  observations  for  other  frequencies 
and  other  paths  as  shown  in  section  7.6  of  Barghausen  et  al.    (1969), 
where  8  months  of  calibrated  data  of  observed  monthly  median  field 
strength  values  are  plotted  together  with  the  values  predicted  by  the 
computer  program.     The  two  sets  of  curves  agree,    on  the  average, 
within  about  7  dB. 

A  point  of  interest  is  that  the  calculations  indicate  a  3.7-dB 
median  signal  difference  for  the  night  hours  between  the  1  F  and  2  F 
modes.      The  2  F  mode  is  dominant  during  the  sunrise  and  sunset  transi- 
tion   hours,    and  the  1  E  mode  is  dominant  for  14  UT.      The  median 
arrival  angles  are  22  and  41   degrees  for  the  F  modes.     Additional 
arrival  angle  and  transmitter  power  statistics  for  April,   May,   and 
June  are  tabulated  in  appendix  C. 

The  computer  program  contains  a  provision  for  calculating  the 
likelihood  of  multipath  transmissions  where  this  source  of  interference 
can  cause  intolerable  bit  error  rates  for  high  speed  data  transmission 
systems,   but  multipath  propagation  is  not  considered  here. 

5.     TRANSMITTER  POWER  ANALYSIS 
The  demonstrated  adequacy  of  the  ESSA/ITS  ionospheric  model 
to  estimate  HF  circuit  performance    permits  a  computerized  study  of 
potential  HF  sky-wave  interference.      The  required  distant  transmitter 
power  that  will  cause  interference  at  the  Boulder  site  is  estimated. 

The  distance  and  the  required  transmitter  power  level  that   is 
expected  to  exceed  the  receiver's  threshold  level  were  evaluated  as 
follows:     (1)  On  the  basis  of  limited  measurements,    the  calculated  med- 
ian field  strengths  from  the  ITS  model  appear  to  be  low  by  approximately 
8  dB;     (2)  the  predicted  power  levels  with  90  percent  reliability  and  an 
assumed  SNR  of  20  dB  produced  estimate^  power  levels  20  dB  higher 
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than  the  desired  threshold  power  level;     (3)  thus,    the  level  to  exceed  the 
receiver's  noise  threshold  estimated  from  calculated  data  requires  a 
12-dB  reduction. 

The  field  measurements  and  the  computer  analysis  of  the  Long 
Branch-to-Boulder  circuit  initially  were  carried  out  independently.      The 
parameters  for  coraputer  circuit  simulation  are  given  in  section  2.1. 
Based  on  sunspot  number  information  for  April,    the  HF  prediction  pro- 
gram   "HF  MUFES2"    was  used  to  determine  the  circuit's  median  monthly 
operational  SNR  and  reliability  for  each  hour  of  the  day  for  an  operating 
frequency  of  2.666  MHz.      This  prediction  is  included  as  appendix  B. 

After  it  had  been  determined  from  the  model  that  the  night  hours 
were  the  only  hours  that  would  support  communication  as  well  as  inter- 
ference,   data  for  hours  1   through  11   UT  only  were  produced  and  analyzed. 
The  required  transmitter  power  data  were  generated  with  the  prediction 
program    "HFPOWERX"    using  the  same  system  characteristics  as 
before,    except  for  a  fixed  reliability  of  90  percent  and  a  changed  trans- 
mitting antenna.      The  transmitting  antenna  was  changed  to  a  quarter - 
wavelength  vertical  radiator.      The  power  to  cause  interference  in  the 
directions  north,    east,    south,    and  west     of  the  Boulder  receiving  site  at 
distances  of  500,    1000,   2000,    3000,    4000,    and  5000  km  were  calculated. 
The  required  transmitter  power  data  contained  in  appendix  C  were  based 
on  the  6-month  data  tape  with  month  and  sunspot  numbers:    April, 
SSN  =  106.0;     May,    SSN  =  105.7;     June,   SSN  =  104.6. 

The  computer- simulated  noise  threshold  corresponds  to  a  20-dB 
level  for  a  100-Hz  band.      For  satisfactory  operation  above  this  threshold, 
a  SNR  of  20  dB  was  assuraed.     Any  modification  in  the  total  operational 
system  gain  that  increases  or  decreases  either  the  actual  or  apparent 
received  signal  strength  likewise  modifies  the  assumed  required  SNR. 
An  increase  in  the  received  signal  strength  may  result  from    (a)  the  use 
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of  increased  antenna  power  gains  without  a  corresponding  increase  in 
noise  gain  for  receiving  antennas  and/or    (b)  increased  transmitter 
power.     Apparent  gain  is  achieved  by  reducing  the  signal-to-noise  power 
ratio  required  at  the  receiver  terminals  through  use  of  improved  receiv- 
ing and  transmitting  terminal  equipment  or  of  receiving  antennas  that 
discriminate  more  strongly  against  noise. 

Tables  3  through  8  summarize,    under  two  headings,    the  maximum 
and  minimum  (with  respect  to  bearing)  of  the  average  power  level  for  the 
3-month  period  April,    May,    and  June,   that  will  achieve  90  percent  reli- 
ability at  the  Boulder  receiver  site.      The  standard  deviation  of  the  values 
entering  into  each  average  is  also  tabulated.      These  tables  are  derived 
directly  from  appendix  C.     Each  table  (one  for  each  of  the  six  distances) 
contains  four  subgroups  for  hours  1   through  11   UT.     Subgroups  are 
identified  by  the  bearings  contained  in  the  summation,     that  is,    one 
bearing,   two  bearings,   three  bearings,   and  all  bearings  calculated. 

If  we  assume  that  the  predictions  for  other  distances  are  equally 
high,   as  determined  in  section  4,   the  predicted  minimum  power  levels  in 
tables  3  through  8  should  be  lowered  by  12  dB  to  obtain  threshold  power 
levels,    since  the  calculations  given  in  appendix  C  were  based  upon  an 
equivalent  SNR  of  12  dB. 

The  minimum  nighttime  CW  power  (dBW)  required  for  detectable 
signal  levels  at  the  Table  Mountain  field  site  in  a  100-Hz  bandwidth  at 
2.666  MHz  with  90  percent  reliability  is  summarized  in  table  9,   which 
gives  estimated  mean  transmitter  power  levels  north,    east,    south,    and 
west  of  the  receiver  at  distances  of  500,    1000,   2000,    3000,    4000,    and 
5000  km  for  April,    May,    and  June,    1969. 

We  can  conclude  that  it  would  be  relatively  easy  to  cause  intoler- 
able interference  with  a  transmitter  as  far  away  as  5000  km.      This  con- 
clusion includes  the  assumption  that  the  difference  between  observations 
and  predictions  at  1288  km  on  an  east-west  path  is  8  dB  and  that  this 
same  correction  is  applicable  at  the  other  distances. 
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Table  3.  Summary  of  Maximum  and  Minimum  Mean  Power  Levels 
(dBW)  at  500  km*  for  Interference  Which  is  90%  Reliable 
at  a  S/N  Ratio  of  12  dB. 
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28.3 

0,5 

E 

34.7 

2,4 

a 

s 

2fl.0 

0.0 

£ 

33.7 

2.4 

9 

w 

2B.0 

0.8 

E 

32.3 

2.6 

10 

s 

24.7 

0.5 

£ 

28.3 

1.9 

U 

s 

22,3 

1.2 

£ 

24.7 

0.9 

1 

£ 

S 

32.0 

7,7 

N 

W 

35.0 

5.8 

2 

t 

S 

23.8 

7,2 

N 

W 

ij7,3 

6.5 

3 

s 

w 

22.3 

2,6 

N 

E 

26,3 

4.8 

4 

s 

w 

24.3 

2.0 

N 

E 

d9,Z 

4.1 

5 

s 

M 

27.0 

1.0 

N 

E 

30,8 

3,8 

6 

s 

w 

28.2 

1.1 

N 

E 

31.3 

3,1 

7 

s 

w 

28.3 

0.? 

N 

E 

32,2 

3,7 

B 

s 

w 

26.0 

0.6 

N 

E 

31,3 

3,8 

9 

s 

w 

28.3 

0.7 

N 

E 

30,8 

3,3 

10 

N 

s 

25.0 

2.4 

E 

W 

27,2 

1.9 

11 

N 

s 

22.8 

1.3 

£ 

W 

24,2 

1.2 

I 

N 

E  S 

32.9 

7.5 

N 

E 

W 

34,6 

6.7 

2 

E 

s  w 

25.0 

7.1 

N 

E 

w 

26.8 

7.1 

3 

N 

s  w 

22.8 

3,1 

N 

E 

w 

25.1 

4.5 

4 

N 

s  w 

25,6 

3.1 

N 

E 

w 

28.0 

4,0 

5 

N 

s  w 

27.6 

2.5 

N 

E 

w 

29.6 

3.7 

6 

N 

s  w 

28.7 

2.1 

N 

E 

w 

30,3 

3,0 

7 

N 

s  w 

28.8 

2.0 

N 

E 

w 

30,9 

3,6 

8 

N 

s  w 

28.3 

2.2 

N 

E 

w 

30,2 

3,5 

9 

N 

S  W 

28.7 

2,1 

N 

E 

s 

30,1 

2,9 

10 

N 

s  w 

25.3 

2,1 

N 

E 

w 

26,6 

2,6 

11 

IN 

s  W 

23.1 

1.4 

N 

E 

w 

23,9 

1.3 

1 

NESW 

33,5 

7.0 

2 

NESW 

25.6 

7.1 

3 

NESW 

24.3 

4.4 

4 

NESW 

27.0 

3.9 

5 

NESW 

28.9 

3.4 

6 

NESW 

29.8 

2.8 

7 

NESW 

30.3 

3.3 

8 

NESw 

29.7 

3.2 

9 

NeSW 

29.6 

2.7 

10 

NESW 

26,1 

2.4 

11 

NtSW 

23.5 

1.4 

>'fi    Centered  on  Boulder,    Colorado 


21 


Table  4.      Summary  of  Maximum,  and  Minimum  Mean  Power  Levels 
(dBW)  at  1000  km=:=  for  Interference  which  is  90%  Reliable 
at  a  S/N  Ratio  of  1  2  dB. 


HOUR 
(UT) 


BtAf^ING 


POWER 
(DdW) 


STND 
DEV. 


1 

S 

49,3 

7.4 

2 

s 

30.3 

9.8 

3 

s 

20,3 

U2 

4 

s 

21.0 

0.8 

5 

w 

21.7 

1.7 

6 

s 

23,0 

1.^ 

7 

w 

24.0 

0,0 

8 

M 

22.3 

0,5 

9 

W 

22,3 

0.5 

10 

w 

21.7 

0.5 

11 

s 

19.7 

1.7 

1 

E 

S 

bo.o 

9.5 

a 

E 

S 

33,5 

11.2 

3 

S 

w 

23,7 

6.5 

4 

s 

w 

21,7 

1.6 

5 

s 

w 

22,3 

1.7 

6 

s 

w 

23,5 

1.3 

7 

s 

w 

24,0 

1.0 

8 

3 

w 

23,2 

1.3 

9 

s 

w 

23,5 

1.8 

10 

s 

w 

21.7 

1.4 

11 

s 

w 

20,3 

1.7 

1 

E 

s  w 

53,2 

9.4 

2 

E 

s  w 

36,6 

11.0 

3 

E 

S  w 

25,7 

6.4 

4 

N 

s  w 

23,6 

3.8 

5 

N 

S  w 

23.9 

3.6 

6 

N 

S  w 

24,7 

3,1 

7 

N 

3  W 

25,1 

3,2 

8 

N 

s  w 

24,1 

3,0 

9 

N 

s  w 

24,3 

3.1 

10 

N 

s  w 

22,0 

2.2 

11 

N 

s  w 

23,3 

5,7 

1 

NESW 

55,1 

9,5 

2 

nesw 

38,2 

11.9 

3 

NESW 

27,2 

7,7 

4 

NESW 

25.8 

5.2 

5 

NESW 

26.0 

5.0 

6 

NESW 

26.8 

4.7 

7 

NESW 

27.3 

s.o 

8 

NESW 

26.4 

5.0 

9 

NESW 

25,8 

3.9 

10 

NESW 

23.0 

2.8 

11 

NESW 

24,8 

6.7 

MAXIMUM 

BEARING 

POWER 

stno 

(DBW) 

dEv. 

N 

60.7 

7.4 

N 

43,0 

13.1 

N 

31.7 

9.4 

£ 

32.3 

2.6 

E 

32,3 

2,6 

E 

33.0 

2.8 

e 

34.0 

2,8 

E 

33.3 

3.3 

E 

30.0 

2.e 

E 

26.0 

2.2 

E 

29.3 

7.5 

N  W 

60.2 

6.3 

N  W 

42,8 

10.6 

N  E 

30,7 

7.2 

N  E 

29,8 

4,2 

N  E 

29,7 

4,4 

N  E 

30.0 

4,7 

N  E 

30,7 

5,i 

N  E 

29.7 

5.3 

N  E 

28.0 

4,1 

N  E 

24.3 

3.1 

N  E 

29.3 

6,9 

N  E 

W 

57.0 

9.4 

N  E 

W 

40.8 

11.3 

N  E 

W 

29.4 

7,7 

N  E 

W 

27,3 

5.1 

N  E 

S 

27.4 

4,9 

N  E 

W 

28,0 

4.8 

N  E 

s 

28,4 

5.3 

N  E 

s 

27,8 

5,1 

N  E 

s 

26,9 

3,9 

N  E 

s 

23,4 

3,1 

N  E 

W 

26,6. 

6,9 

Centered  on  Boulder,    Colorado 
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Table  5.     Summary  of  Maximum  and  Minimum  Mean  Power  Levels 
(dBW)  at  1000  km*  for  Interference  which  is  90%  Reliable 
at  a  S/N  Ratio  of  12  dB. 


HOU« 
(UT) 


BtAKiNG 


MINIMUM 

POW^R 
(Oaw) 


STND 
OEV. 


BEARING 


MAXIMUM 
PUWER 
(DBW) 


OEv. 


1 

E 

67.0 

18.0 

2 

S 

43,0 

13.6 

3 

s 

24.0 

0,0 

4 

s 

24. C 

0.0 

5 

w 

24.7 

0.5 

6 

w 

25,0 

0.0 

7 

rt 

2S.0 

0.0 

d 

w 

25,0 

0.0 

9 

M 

23,7 

0.5 

10 

W 

23.7 

0.5 

11 

S 

23.3 

0.9 

1 

E 

S 

71.8 

14.6 

2 

E 

S 

&3.3 

12.7 

3 

E 

S 

30,5 

6,6 

4 

S 

w 

25.5 

2.5 

5 

S 

w 

25.2 

1,1 

6 

s 

w 

25.3 

0.9 

7 

s 

w 

25.7 

1.4 

8 

s 

w 

25.5 

1.6 

9 

s 

Vi 

25,0 

2.6 

10 

s 

w 

24,7 

1.4 

11 

s 

«( 

23.5 

0.8 

1 

N 

E 

s 

78,1 

15.4 

2 

N 

E 

s 

53,9 

20.9 

3 

E 

s 

w 

35.7 

13.1 

4 

E 

S 

w 

29,7 

6.3 

5 

E 

S 

w 

29,7 

6,6 

6 

E 

s 

w 

30,1 

6.9 

7 

E 

s 

ri 

30,0 

6.4 

e 

N 

s 

vJ 

27,4 

3.3 

9 

N 

s 

w 

27.1 

3.9 

10 

N 

s 

M 

26,7 

3.3 

11 

E 

s 

W 

31.8 

14,6 

M/ 

96.0 

4,2 

W 

77.0 

9.9 

N 

51.3 

10.7 

N 

<^0.0 

1.4 

N 

42.3 

2.9 

N 

42.3 

2.5 

N 

42,3 

2.5 

£ 

37,7 

2.4 

E 

33,7 

1.7 

E 

34.3 

3,4 

IM    E 


48.7 


46.5 


15.5 


N  W 

93.3 

6,6 

N  W 

76.0 

14,5 

N  W 

48.7 

14.1 

N  E 

39.0 

1,7 

N  E 

40.5 

3.2 

N  E 

41.0 

2,8 

N  E 

40.5 

3,0 

N  E 

34.5 

3.9 

N  E 

32.5 

2,4 

N  E 

32.5 

3,* 

15.3 


NSW 

b7.8 

10,4 

NEW 

65.2 

20.5 

NEW 

^4.8 

12.8 

NEW 

35.0 

6.1 

N  E  S 

35.6 

7.5 

N  E  S 

35.9 

7,6 

N  E  S 

35.8 

7.2 

N  E  S 

31.7 

5.3 

N  E  S 

30.4 

3.9 

N  E  S 

30.2 

4.3 

NEW 

40.2 

17,1 

NESW 


82,6 


15.6 


2 

NESW 

59.7 

21.3 

3 

NESW 

39.6 

14.3 

4 

NESW 

32.3 

7.1 

5 

NESW 

32.8 

9.0 

6 

NESW 

33,2 

B.l 

7 

NESW 

33.1 

7.8 

8 

NESW 

30,0 

5.4 

9 

NESW 

28,8 

4.5 

10 

NkiSW 

28.6 

4.7 

11 

NESW 

36,0 

16.6 

*  Centered  on  Boulder,    Colorado 
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Table  6.     Summary  of  Maximum  and  Minimum  Mean  Power  Levels 
(dBW)  at  3000  km-i^  for  Interference  which  is  90%  Reliable 
at  a  S/N  Ratio  of  12  dB. 


HOUR 
(UT) 


BtAt^ING 


MINIMUM 
(D6W) 


STND 

uev. 


I 

E 

56.3 

20.7 

2 

E 

33,7 

2.5 

3 

S 

30.0 

0.0 

4 

s 

30,7 

0.5 

5 

w 

32.0 

0.0 

6 

M« 

32.7 

0,9 

7 

M 

32.7 

0.9 

8 

W 

32.7 

0.9 

9 

W 

31.3 

0.5 

10 

W 

31,3 

0.5 

11 

W 

31.3 

0.5 

1 

E 

S 

75.2 

24,4 

2 

E 

S 

43.3 

12,1 

3 

E 

s 

34,0 

4.1 

4 

S 

w 

34.0 

4,9 

5 

S 

w 

32.5 

0,8 

6 

S 

<'.' 

33.0 

0,8 

7 

s 

W 

33.5 

1.1 

6 

s 

1^ 

33.7 

1.2 

9 

E 

w 

33.2 

2.0 

10 

S 

rt 

32.5 

1.3 

11 

S 

w 

31.7 

0.7 

1 

IM 

E    S 

82.9 

22.7 

2 

M 

E    S 

57,3 

24.0 

3 

N 

E    S 

43.4 

17.4 

4 

E 

S    W 

36.0 

5.0 

5 

E 

s  w 

35.4 

4,3 

6 

E 

s  w 

36.2 

4.6 

7 

£ 

s  w 

36.2 

4,0 

8 

N 

s  w 

34,7 

1,9 

9 

E 

s  w 

33,8 

1,9 

10 

E 

3    W 

33.6 

3,4 

11 

E 

S   w 

42.3 

20,1 

1 

NESW 

86,9 

20,9 

2 

NESW 

67.5 

27,2 

3 

N=;S«i/ 

50,8 

22.9 

4 

NcSW 

37,7 

5,7 

5 

N£Sw 

37.5 

5,3 

6 

NE 

ISfi 

37,8 

5.0 

7 

NE 

■s^ 

37.8 

4,5 

8 

NES'^ 

35.4 

2.1 

9 

NES-t/ 

34,7 

2,4 

10 

NES*' 

36.3 

4.6 

11 

iNi; 

:s^ 

4«.l 

23.6 

MAXIMUM 
BEARING         POWER  STrjD 

(DBW)  OEv. 


w 

99,0 

0,0 

w 

98,0 

1.4 

w 

73,0 

23.0 

N 

42,7 

4.7 

N 

43,7 

2,6 

N 

42,7 

2.5 

N 

42,3 

2.6 

£ 

37.7 

0.5 

N 

37.3 

1.7 

N 

40.3 

4.0 

N 

65.3 

25.0 

N    W 

98,7 

0.7 

N    W 

91,7 

13.0 

N    W 

t»7,7 

21.5 

N    E 

41,3 

3,8 

N    E 

42.5 

2.4 

M   E 

42.7 

1.9 

N   E 

42.0 

1.9 

N    E 

37.2 

1,1 

N    E 

36,2 

1,8 

N   E 

36.0 

5,1 

N    E 

b4.5 

24,1 

N    S 

W 

97.1 

4.7 

N    S 

W 

77.1 

24.8 

N    E 

w 

57.8 

22,4 

N    E 

w 

40.0 

4.6 

1^    E 

s 

39.3 

4.9 

N    E 

s 

39.6 

4,7 

N   E 

s 

39.4 

3,9 

N   E 

s 

36,3 

1.5 

IM   E 

s 

35,8 

1.6 

N   E 

s 

36,6 

4.6 

iN   E 

s 

53.7 

24,9 

Centered  on  Boulder,    Colorado 
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Table  7.     Summary  of  Maximum  and  Minimum  Mean  Power  Levels 
(dBW)  at  4000  km-  for  Interference  which  is  90%  Reliable 
at  a  S/N  Ratio  of  1  2  dB. 


MINIMUM 

HOUR 

BLaHIimG 

POWER 

ST  NO 

(UT) 

(DBW) 

DF.V. 

1 

fL 

*8,0 

7.3 

2 

S 

37. C 

7.P 

3 

s 

26.0 

0.0 

4 

s 

26,0 

0,0 

5 

s 

28.7 

0.5 

6 

s 

28.3 

0.9 

7 

w 

29.3 

0.5 

6 

w 

29,3 

0.5 

9 

M 

29,3 

0.5 

16 

W 

29,3 

0.5 

11 

s 

27.0 

1.4 

t  s 


73.2 


5.7 


2 

t 

s 

38,2 

5.6 

3 

£ 

s 

32.2 

6.4 

4 

t 

s 

33.0 

7.2 

5 

S 

w 

29,3 

1.2 

6 

S 

w 

28,8 

0.9 

7 

S 

w 

29.5 

0.5 

8 

S 

w 

;p9.fl 

0.7 

9 

S 

w 

30.2 

1.3 

10 

s 

w 

29.8 

0.7 

11 

s 

w 

28.2 

1.6 

1 

fM 

E    S 

81.3 

24.3 

2 

N 

E    S 

56.7 

26.9 

3 

N 

E    S 

A7.7 

26.4 

4 

E 

s  w 

36.0 

8.7 

5 

£ 

S    W 

33.3 

5.9 

6 

E 

s  w 

33.3 

6.4 

7 

t 

s  w 

32.3 

4.1 

8 

t 

S    w 

31.7 

2.7 

9 

£ 

S    w 

31,8 

2.6 

10 

£ 

s  w 

35,7 

10,3 

11 

N 

s  w 

44,0 

27.5 

1 

NESW 

86.1 

22.3 

2 

|><ESW 

67.3 

29.7 

3 

NESW 

56.7 

29.7 

4 

NESrt 

40.6 

12.1 

5 

NESW 

36.9 

8,4 

6 

NESW 

36.4 

3.0 

7 

NESW 

35.4 

6.6 

e 

NESW 

33.8 

4.9 

9 

NESW 

34.4 

5.8 

10 

ivjESW 

39.1 

12.0 

11 

i>^esw 

53^.9 

31.3 

MAXIMUM 

BEAWIMG 

PuWEf^ 

?T.vD 

(UBW) 

OE^. 

N 

99.0 

0.0 

W 

99,0 

0.0 

W 

63,7 

21.7 

N 

t>4,J 

10.7 

IM 

47.7 

5,2 

N 

45,7 

3.9 

N 

44,7 

3,3 

N 

40.3 

4.0 

N 

42.3 

5.4 

N 

49,3 

10.7 

E 

b3.7 

21,7 

IM    w 

99.0 

0.0 

N    W 

96.3 

6,0 

N    W 

61.2 

23.0 

N    W 

46.2 

11.3 

N    E 

44.5 

5.1 

N    E 

44.0 

3.3 

N    E 

41.3 

4.2 

N   E 

37.3 

3.8 

N    E 

38.7 

5,3 

N    E 

48.3 

10,7 

N    E 

79.7 

25.1 

N    5 

W 

98.8 

0,6 

N    E 

W 

77.3 

?7,3 

N    E 

W 

66.9 

?7.6 

N    E 

W 

45.4 

lo.i 

N   E 

W 

39.7 

8.0 

N    E 

W 

39.1 

7,4 

N    E 

s 

37.4 

6.5 

N    E 

s 

35,3 

4.7 

N    E 

s 

36, i 

5,7 

N    E    S 

NEW 


42,3 
62,9 


12.2 
31.4 


Centered  on  Boulder,    Colorado 
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Table  8.      Summary  of  Maximum  and  Minim.um  Mean  Power  Levels 
(dBW)  at  5000  km-  for  Interference  which  is  90%  Reliable 
at  a  S/N  Ratio  of  12  dfi. 


HOUR 
(Ut) 


SEARING 


MINIMUM 
POWER 
(OBW) 


STND 
DEV. 


MAXIMUM 

BEARING 

POWER 

stnd 

(DBW) 

dev« 

N 

99.0 

0,0 

W 

99,0 

0.0 

W 

94.0 

7.1 

W 

66.3 

11.1 

N 

59.0 

10.7 

M 

56.3 

9.5 

N 

55.7 

9.5 

N 

53.7 

10.3 

N 

55.7 

u.i 

E 

62.3 

8.2 

N 

94.3 

6,6 

N  S 

99.0 

0.0 

N  W 

98.0 

2.2 

N  W 

66.2 

17,4 

N  W 

64.5 

12,5 

N  E 

50.7 

11.4 

N  E 

48.6 

10.2 

N  E 

47.5 

10.6 

N  E 

45.5 

10.9 

N  E 

49.5 

10,3 

N  E 

61.2 

U.O 

N  E 

94.0 

7,i 

N  S 

W 

99.0 

0.0 

N  E 

W 

80.2 

25,2 

fM  E 

W 

71.2 

25,5 

N  E 

W 

56.8 

15.0 

N  E 

W 

47,7 

10. Jd 

N  E 

W 

43.8 

U.O 

N  E 

W 

42.9 

10. s 

N  E 

W 

41.6 

10,5 

N  E 

S 

43.9 

11.6 

N  E 

s 

51.6 

16,3 

N  E 

w 

73.4 

29,6 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


N 
N 
N 
N 
E 
E 

E 
E 

E 

N 
E 


52,0 
42,0 
31.3 
31,3 
31,3 
»1.3 
32,0 
32,0 
32,3 
32,3 
31,3 


75,5 
43,3 
36,3 
36,3 
36,5 
32.5 
32,8 
32,8 
32,5 
32,3 
31.8 


83,3 
61,2 
50,3 
45,1 
38,4 
35,4 
35,0 
34.3 
36,1 
41,6 
52,4 


4,5 
7.5 
0,5 
0,5 
0.5 
0.5 
0,8 
0,8 
0,5 
0,5 
1,2 


23,7 
5,6 
5.2 
5,2 
6,8 
1.4 
1,2 
1,2 
1,3 
0,9 
1,1 


22,3 

25,8 

23,5 

15,2 

6,3 

4,5 

3,3 

2,4 

5,6 

15,1 

29,5 


1 
2 
3 
4 
5 
6 
7 
6 
9 
10 
11 


NESW 
NESW 
NESW 
NESW 
NESW 
NESW 
NESW 
NESW 
NESW 
NeSW 
NESW 


87,3 
70,7 
61,3 
50,4 
43.6 
40,7 
40,2 
39,2 
41,0 
46,8 
62,9 


20.5 
27,7 
28,0 
17,0 
11.7 
U.O 
10.5 
10.0 
11.2 
16,4 
31,5 


*    Centered  on  Boulder,    Colorado 
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Table  9.     Estimated  Transmitter  Mean  Nighttime  Power  Required 
to  Produce  a  Threshold  CW  Signal  in  a  100-Hz  Bandwidth 
With  90%  Reliability. 

April  May  June 

NESW  NESW  NESW 


Range  (km) 


500  13  17  13  14  13  16  13  13  20  23  15  17 

1000  12  16  11  11  11  17  11  10  20  23  09  11 

2000  27  23  14  13  22  24  14  12  26  28  12  13 

3000  26  27  21  20  30  27  21  21  30  27  21  21 

4000  29  27  16  21  31  28  16  19  43  28  19  20 

5000  33  31  20  24  44  33  20  26  60  34  21  23 

6.     POTENTIAL  INTERFERENCE 
The  remaining  task  is  to  compare  location  and  power  of  station 
allocations  operating  at  a  frequency  of  2.666  MHz  with  the  calculated 
interference  power.      The  2.666-MHz  frequency  assignments  were 
obtained  from  IFRB  (1969)  and  Telecommunication  Management  (1969). 
Table  10  lists  27  transmitting  stations  identified  by  bearing  and  distance 
from  Boulder,    Colorado,    and  figure  7  shows  a  plot  of  these  same  poten- 
tial interfering  sources.      Where  the  two  information  sources  have  con- 
flicting allocated  transmitter  power,   both  are  listed.      The  type  of 
modulation  and  the  hours  of  operation  are  not  considered  in  this  report, 
since  varying  degrees  of  interference  are  expected  with  different  types 

of  modulation  schemes  and  at  different  times  of  day. 

The  experimental  transmitter  site  at  Sunset,    Colorado  (KC2XML) 
was  omitted   because  of  its  extremely  high  pulse  power,    its  intermittent 
operation,   and  its  proximity  to  the  receiver  site.      For  short  ground 
ranges,   multipath  interference  becomes  of  prime  concern,    since  the 
ionosphere  is  capable  of  multiple  mode  support  and  since  the  sky-wave 


27 


Table  10.     Radio  Station  Assignments  for  2.  666  MHz 


Location  Relative 
to  Boulder,   Colorado      Power 
Bearing         Distance        (kW) 
(Deg.  )  (km) 


Transmitting  Station 
Name 


Call 
Ident. 


308° 
71° 
109° 
117° 
320° 

66° 
117° 
324° 

66" 

67° 

64° 

51° 

59° 

316° 

314° 

55° 

59° 

61° 

111° 

311° 

327° 

315° 

309° 

313° 

32° 

38° 
90 


1783 

0.03 

2168 

0.30 

2411 

*1.00 

2487 

*  1.00 

2625 

r  0.  50  1 

1*1.00  J 

2639 

0.30 

2824 

1.00 

2887 

r  0.  50  1 

1*1.00  J 

3174 

0.  03 

3221 

0.03 

3440 

0.30 

3646 

0.  10 

3813 

0.08 

3921 

*  3.00 

3940 

*  1.00 

3967 

0.08 

4057 

0.08 

4213 

0.08 

4441 

r  o.5| 

1*1.0  J 

4616 

*1.0 

4727 

*  1.0 

4928 

*1.0 

5432 

*1.0 

6060 

r  0.51 

1*1.0  J 

7471 

0.02 

7768 

0.25 

7894 

1.00 

Pt.   Renfrew,    B.C.,    Canada  CJW236 

Toronto,   Ontario,   Canada  CIT 

Jacksonville,   Fla.  NMV 

St.    Petersburg,   Fla.  NOF 

Ketchikan,   Alaska  NMJ; 

Montreal,  P.  Q.  ,   Canada  CIZ 

Miami,   Fla.  NMA 

J\ineau,   Alaska  NMJl 

Frederiction,  N.  B.  ,   Canada  CIX6 

St.    John,   N.  B.  ,    Canada  CIX3 

Charlottet,   Pei,    Canada  CIX 

Otter  Ck.  ,   NFLD,   Canada  XMX39 

Conner  BRK,   NFL,    Canada  XMX26 

Kodiak,   Alaska  NOJ 

Sitkinak,   Alaska  NRWl 

St.   Anthony,   NFLD,    Canada  XMX53 

Gander,   NFLD,   Canada  XMX49 

St,    Johns,   NFLD,    Canada  XMF67 

San  Juan,   Puerto  Rico  NMR 

Cape  Sarichef,   Alaska  NRW 

Pt.    Clarence,   Alaska  NRW3 

St.   Paul,  Alaska  NRW2 

Adak  Lorsta,   Alaska  NMJ 

Attu,   Alaska  NMJ22 

Kristiansands,     Norway  LBD 

Hilversum,   Netherlands  PEP2 

Narian  Mar,   Soviet  Union  RLQ6 


*    Teleconnmunication  Management  (1969) 
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versus  ground-wave  field  strengths  present  interference  possibilities. 
Two  additional  roving  allocations  were  also  omitted  because  their  exact 
location  is  unknown;  one  station  was  confined  to  the  state  of  Alaska,   and 
the  other  to  the  46  contiguous  states. 

A  high  degree  of  correlation  would  be  expected  between  the 
ionospheric  control  points  chosen  by  the  computer  program  and  the 
sun's  position,    since  the  latter  is  the  principal  hourly  variable,    and 
it  is  verified  by  the  hourly  shift  of  the  raaximum  and  minimum  required 
power  noted  for  the  various  path  lengths. 

The  minimum  transmitter  antenna  input  power  required  for  90 
percent  reliability  at  Boulder  from  a  distance  of  500  km  was  received 
from  a  south  bearing  for  10  of  the  11  hours  calculated.     Increasing  the 
distance  to  1000  km  showed  an  equal  distribution  of  minimum  required 
transmitting  power  between  south  and  west  bearings.     Increasing  the 
path  length  to  2000  km  showed  an  increase  of  the  west  bearings  to  a 
total  of  6  hours,   with  the  south  bearing  reduced  to  4  hours  and  only  a 
single  east  bearing  indicated.     For  the  3000-km  path,   the  west  bearing 
continued  to  increase  to  its  maximum  of  7  hours,   with  the  south  bearing 
decreasing  to  its  minimura  of  2  hours.     The  maximum  number  of  east 
bearings  showing  a  value  of  minimum  required  power  was  2  in  the 
11  hours  calculated  for  the  3000-km  path.     As  expected,    of  the  four 
bearings  being  compared,   no  northerly  paths  of  any  length  for  any  hour 
calculated  showed  the  lowest  required  transmitter  power  for  90  percent 
reliability.     Extending  the  path  length  to  4000  km  reversed  the  favored 
bearing  to  the  south  for  6  hours,   with  4  hours  of  west  bearings  indicated. 

As  shown  in  tables   3  through  8,   the  maximum  transmitter  antenna 
input  power  required  for   90  percent  reliability  at  the  Boulder  receiver 
displays  a  shift  from  a  predominantly  east  bearing  at  500  km  to  a 
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predominantly  north  bearing  for  path  lengths  greater  than  2000  km. 
The  west  bearing  for  a  total  of  3  hours  displayed  the  highest  required 
transmitter  power  for  the  3000- kra  path. 

An  interesting  detail  about  the  occurrence  of  the  minimum 
standard  deviation  as  a  function  of  distance  is  apparent  in  these  tables. 
For  path  lengths  of  5  00  and  1000  km,    the  smallest  variability  is  indicated 
at  8  UT,    shifting  to  9  UT  for  2000  km,    and  to  1  0  UT  for  3000,    4000,    and 
5000  km. 

The  arrival  angle  statistics  given  in  appendix  C  as  a  function  of 
hour  and  month  may  prove  important  to  antenna  studies  for  the  suppres- 
sion of  interference.      The  arrival  angle's  standard  deviation  indicates 
whether  the  mode  is  changing  and/or  the  possibility  of  multipath. 

7.     SUMMARY  AND  CONCLUSIONS 
The  ITS  ionospheric  computer  prediction  model  was  used  for 
estiraating  the  transmitter  power  required  to  produce  a  uniform  100-Hz 
bandwidth  CW  signal  via  the  dominant  mode  that  is  90  percent  reliable 
at  the  Boulder  site.      These  estiraates  indicate  the  potential  interference, 
either  accidental  or  deliberate,   that  may  arrive  via  sky-wave  signals 
from  distant  transmitters  operating  on  the  same  frequency. 
In  summary,   the  results  of  this  study  are  as  follows: 

(1)  Further  measurements  at  other  distances  and  bearings  over 
an  extended  time  period  are  required  for  a  better  determination  of 
computational  accuracy. 

(2)  The  2.666-MHz  transmissions  from  Long  Branch,   Illinois, 
during  the  nighttime  were  consistently  received  at  Table  Mountain. 

(3)  Relatively  few  consistent  and/or  strong  additional  signals 
were  recorded  over  the  1000-Hz  band  monitored  despite  the  large 
number  of  allocations. 
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(4)  The  predicted  median  field  strengths  were  8  dB  lower  than 
the  medians  of  limited  observations  on  a  1288-km  east-west  path.     Good 
general  agreement  in  diurnal  shape  was  observed,   as  shown  in  figure  6. 

(5)  The  estimated  transmitter  mean  nighttime  power  required 
to  produce  a  threshold  CW  signal  with  90  percent  reliability  at  the 
Boulder  site,   is  based  on  an  assvimed  8-dB  correction  at  all  distances. 
The  s\immary  of  transmitter  power  values  (dBW)  are  given  in  table  9. 

(6)  From  table  9,  we  can  conclude  that  it  would  be  relatively 
easy  to  cause  significant  interference  from  as  far  away  as  5000  km. 
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APPENDIX  A 

Signal-to-Noise  Ratios  Required 
for  Satisfactory  Service 
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APPENDIX  B 

"HFMUFES2"   Long  Branch-to-Boulder 
Prediction  Estimates 
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A  description  of  the  circuit  parameters  used  in  the  calculations 
of  the  system,  performance  predictions  is  shown  in  the    heading  for  each 
hour  of  data.     This  appendix  shows  on  each  sheet  four  computer  printed 
pages  in  a  single  modified  and  reduced  form.     Starting  at  the  top  of  the 
page,  this  heading  is  as  follows: 

The  first  line  contains  the  month,    day,    and  year,    and  the  solar 
activity  level  as  indicated  by  the  10-cm  flux  and  the  12-month  running 
average  Zurich  sunspot  number.     The  second  and  third  lines  contain  the 
name  and  coordinates  of  the  transmitter  and  receiver  locations,   the 
azimuthal  bearings  in  degrees  of  the  receiver  from  the  transmitter  and 
vice  versa,    and  the  length  of  the  circuit  in  statute  miles  and  kilometers. 
The  minimum  angle  on  the  fourth  line  indicates  the  lowest  vertical  angle 
considered  in  the  mode  selection  process.      The  fifth  and  sixth  lines 
describe  the  frequency  range  (2  to  30  MHz),    the  antenna  type,    the 
physical  parameters  of  the  antenna  system  for  each  terminal^and  the 
orientation  of  the  antenna's  main  beam  relative  to  the  great-circle  path. 

The  seventh  line  contains  the  pow^er  output  of  the  transmitter; 
the  man-made  noise  level  assumed  for  the  receiver  location,    in  decibels 
relative  to  1  watt  in  a  1 -Hz  bandwidth  at  a  frequency  of  3  MHz;  the  time 
availability  for  service  probability  calculations;  and  the  hourly  median 
signal-to-noise  ratio  required  to  provide  the  type  of  service  requested. 

The  first  line  of  each  time  block  gives  the   universal  time  (UT) 
in  hours  followed  by  the  complete  tabulation  of  all  quantities  used  in  the 
calculations  for  each  hour.     The  first  parameters  listed  under  "Reflec- 
tion Area  Data"  are  those  associated  with  the  five  reflection  areas 
considered  for  each  path.     Reflection  area  data  1  is  used  for  path  lengths 
less  than  or  equal  to  2000  km;   2,    3,    and  4  are  used  for  path  lengths  be- 
tween 2000  and  4000  km;  and  1,    2,    3,    4,    and  5  are  used  for  path  lengths 
greater  than  or  equal  to  4000  km. 
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For  each  reflection  area,    the  follo^wing  parameters  are  listed  (if  zero 
appears,    the  parameters  are  not  calculated): 

(a)  Distance  from  transmitter  in  kilometers. 

(b)  Geographic  latitude  in  degrees, 

(c)  Geographic  longitude  in  degrees. 

(d)  Geomagnetic  latitude  in  degrees. 

(e)  Local  time  at  the  reflection  area. 

(f )  Absorption  factor  (see  sec.    7.  2  of  Barghausen  et  al.  ,    1969). 

(g)  E-layer  critical  frequency  in  MHz. 

(h)     Virtual  height  of  the  F-layer's  lower    limit  in  km. 

(i  )     Gyrofrequency  in  MHz. 

(j  )      F -layer  critical  frequency  in  MHz. 

(k)     fEs  sporadic -E  median  critical  frequency  in  MHz. 
The  parameters  for  the  specific  circuit  determined  from  the  above 
values  at  the  various  reflection  areas  are  then  listed  as  follows: 


(a 
(b 
(c 
(d 
(e 
(f 
(g 
(h 

(i 
(J 
(k 

(1 


(n 
(o 


Local  time  at  the  receiver. 
Absorption  factor. 
E-layer  critical  frequency  in  MHz. 
Gyrofrequency  at  E-layer  height  in  MHz. 
Height  of  the  F-layer's  maximum  in  km. 
Semithickness  of  the  F  layer  in  km. 
F-layer  critical  frequency  in  MHz. 
MUF    (maximum  usable  frequency)  in  MHz 
FOT    (optimum  traffic  frequency)  in  MHz. 
HPF   (highest  possible  frequency)  in  MHz. 
Excess  system  loss  in  decibels. 
The  50  percent  value  of  fEs  in  MHz. 


(m)    The  90  percent  value  of  fEs  in  MHz. 


The  10  percent  value  of  fEs  in  MHz. 
Adjusted  MUF  for  K  indices  from  0  to  9. 
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The  adjusted  MUF  is  an  estimate  of  the  modified  MUF  due  to 
magnetic  activity,    specifically     the  MUF  for  a  local  magnetic  K  index 
of  0  through  9.     The  remaining  two  blocks  of  data  are  frequency 
dependent.     The  first  block  is  calculated  for  the  MUF  frequency  and  the 
second  for  the  desired  2.  666-MHz  frequency.     For  each  frequency  the 
following  items  associated  w^ith  the  median  noise  pow^er  in  a  1  -Hz  band- 
width at  the  receiving  location  in  decibels  relative  to  kT    b  are  listed: 
(1)    Atmospheric  noise;     (2)  galactic  noise;     (3)  man-made    noise;     (4) 
a  value  in  decibels  used  to  adjust  the  controlling  noise  w^^hen   tw^o  or 
more  types  of  noise  are  nearly  the  same  value;     (5)     the  efficiency, 
expressed  in  decibels,    of  the  receiving  antenna;  (6)  the  controlling 
noise  at  the  receiving  antenna  site.     The  value  of  k  (Boltzmann's  constant) 
is  1.  38  X  10"^^  joules  per  degree  Kelvin,    the  reference  temperature  T^ 
is  288°  K,    10  log.iokT^  =  -204  dB  relative  to  one  joule  (1  w/Hz),    and  b  is 
the  bandw^idth  in  Hz. 

The  follow^ing  parameters  for  each  of  seven  modes  are  considered, 
i.  e.  ,    tw^o  E  mcides,    three  F  modes,    and  two  mixed  modes  (mixed  modes 
are  computed  only  if  the  path  length  is  equal  to  or  greater  than  3000  km): 


(a 
(b 
(c 
(d 
(e 
(f 
(g 
(h 

(i 

(J 


Number  of  hops. 

Vertical  angle  in  degrees. 

Virtual  height  in  kilometers. 

Time  delay  in  milliseconds. 

Free-space  loss  in  decibels. 

Absorption  loss  in  decibels. 

Ground  reflection  loss  in  decibels. 

Transmitting  antenna  gain  in  decibels  relative  to  an 
isotropic  source. 

Receiving  antenna  gain  in  decibels  relative  to  an  isotropic 
source. 

Median  monthly  transmission  loss  in  decibels. 
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(k)     Median  monthly  incident  field  strength  in  decibels 
relative  to  1   uv/m. 

(1)     Median  monthly  signal  po-wer  in  decibels  relative  to 
1  watt. 

(m)    Signal-to-noise  ratio  in  decibels. 

(n)  Fraction  of  days  during  the  month  for  the  indicated 
hour  the  sky  wave  is  expected  to  exist. 

(o)  Fraction  of  days  during  the  month  for  the  indicated 
hour  that  the  required  signal-to-noise  ratio  will  be 
equaled  or  exceeded. 

(p)     Reliability. 

(q)     Service  probability. 


43 


b.  U.  C/^ 

o  o  o 


(VJ   l^ 

O 

° 

o 

Z 

•^  J- 

(T  J^ 

_j  ^~  UJ 

r^ 

«H 

• 

J  J-  O 

^kf 

m 

o    •  o 

Of  (VJ  a: 

-J 

u. 

3 

•-  t£     1 

d 

a 

(/I 

Z  ■H  u. 

O  (/) 

X 

liJ 

O    1    UJ 

l-H    W 

S 

ro 

o 

t-   UJ 

M    Z 

^ 

(T 

q;  :^ 

> 

o  o 

o  rs. 

t-l 

Z  IT 

a  X 

o 

J- 

UJ     • 

UJ   t- 

r^ 

M    O 

>-  1 

• 

• 

II 

• 

U    1 

<   M 

f*j 

o 

V 

o 

l-H 

I    I    I    I 


I    I    I    I    I    I 


tn 

00 

• 

Q£ 

X 

in 

<n 

(A 

n 

I> 

UJ 

r 

vO 

o 

o 

M 

q: 

r^ 

a* 

«  O 

J- 

cr 

Oi 

UJ 

tn 

• 

o 

-1 

—J 

UJ 

X  o  o  o  (VJ  cr  ^o   I    I 


I    I    I    I    I 


_J 

J- 

o 

u. 

UJ 

(>J 

1    z 

03 

X 

X 

D 

C) 

J-  o 

X 

X  vD 

» 

(VJ 

z 

o 

o 

^ 

S 

lr^ 

J- 

o 

o 

r 

o 

u 

T-l 

■3 

z 

X 

M 

«    II 

1 

HH 

0. 

O  UJ 

or 

z 

o  i-<*to 

(T 

z 

^ 

o 

"H 

X 

(O  tt  o 

fo  ro  ^ 

O  O  (Vi 


<I  Z  II 

Z  O  Q£ 

<  ro  Ckf  q;  UJ 

=•  •  ♦-  >  X 

«  O  X  o  o 

I  J-  X   Of  Q. 


«I 

(T 

W 

a 

^ 

<.D 

W   ^rt 

a 

UJ 

ro 
ro 

o 

in 

(VI 

J- 

o 

(T 

ifi 

(T 

^ 

o 

o 

C3 

o 

o 

o 

q; 

X 

(P 

o 

:■: 

fvi 

in 

in 

o 

C3 

C3 

o 

o 

o 

o 

o 

o 

0^ 

-t 

CO 

^c 

o 

o 

r 

J- 

UJ 

Z 

PO     • 

(J 

ij. 

«H 

O  o 

o 

o 

PO 

o 

o 

O 

^ 

o 

o 

^ 

o 

o 

<l 

o 

>- 

«X   (7^ 

o 

UJ 

« 

J- 

(T 

in 

u. 

Q. 

u. 
o 

U. 

r> 

X 

X 
UJ 

s^ 

o 

o 

z 

3 

X     • 

Z  ^D 

a 

T 

a  X  1 

u 

o 

O 

UJ 

o 

J- 

<D 

(T 

r-- 

in 

r^ 

«£ 

00 

M 

fVJ 

ck; 

ry 

(T 

in 

vD 

in 

<D 

^ 

o 

in 

fO 

tr> 

o 

CD 

ro  CT> 

u. 

<J 

«£ 

J- 

CM 

f- 

in 

•3 

T 

^  ro 

•-  fO 

o 

r*. 

o 

(T 

O 

T-« 

r^ 

^ 

s 

o 

cj  ro 

(T« 

in 

in 

ro 

CD 

n 

<x    • 

vO 

(VJ 

r^ 

(T 
eo 

in 

ro 
to 

w 

fVJ 

J- 

00 

_J  o 

U   ■H 

1 

^  ^ 

U 

X 

Of 

-J 

t- 

t— 

<I 

<I 

Ui 

CO 

U 

«j 

q;  o  X 

X 

() 

:> 

>■ 

u 

(>n 

vO 

UJ   O 

X 

(/I 

n 

t-l 

o 

o 

•— 1 

o 

M 

o 

■r* 

N. 

X  « 

o 

a: 

r 

z 

UJ 

:^  f- 

II 

Q.     - 

q; 

o 

3 

o 

t~i 

Li. 

UJ 

l-l 

o 

UJ 

M 

ic  in 

(/>  CO 

u. 

»-t 

o 

(f 

n 

3  Of 

-) 

Of 

t/i 

r^ 

O  ^D 

T 

u. 

O 

CD 

li- 

OO 

z 

t^  a 

o 

X    -rH 

o  o 

-> 

z 

Z 

Of  « 

or 

o: 

M 

or  Of 

(D 

Z 

-) 

o 

M 

0.  UJ 

u. 

UJ 

ra 

<i 

U- 

UJ 

t/i 

vO 

1 

►- 

»-• 

<x 

ir  >■ 

>- 

T 

1 

V 

UJ 

1 

to 

II 

UJ 

t- 

tH 

O 

r 

UJ 

o 

4 

-I 

O 

o 

< 

X 

UJ 

o 

4 

UJ 

V  >£> 

1/) 

tn  t- 

Z 

o 

X 

en 

-1 

l-H 

Q£ 

_J 

X 

QL 

-J 

(J 

i-t 

o 

UJ 

(S 

1 

i/i 

l-l 

1 

o 

o 

-1 

-I 

u 

»- 

<i 

UJ 

u. 

X 

(J 

u. 

UJ 

t— 

L3 

u. 

UJ 

z 

o  eo  to  ^^  J-  ^  c 
I    (VJ  ro  CT>  lU 


I     I     I     I     I 


o  u. 

iL    . 

o;  o  « 
UJ  I  : 

(D  UJ  I- 

X  ^  c 

13  <  ► 


m  t/i 

O                      >-  Z         _J 

t/i  o  z 

z  -J  X           <  s.       m 

C/l   O   _J   M 

t-t       t-            o  to       < 

to  _J        «t 

*x  z  o  (K                    m 

o        .  o 

OOZUJ        u.u.>-o 

_l  Z  U- 

i-t  UJ  n      o  o  1-  q; 

O  UJ     • 

•  to  or  O  03                M  Q. 

UJ   M  Q^  »- 

t-t/i»-aozz_j 

>  1-         z 

Z  t-^  t/l                O  O  >-<  UJ 

<a  a  a  *i 

X  QC  Z 

trtO-*Mi-t-*Ii-i 

OZ>Q£ 

q;Z-iz       oot-<> 

>-  to  O  t- 

>«»UJOZ<i<i_jQ: 

^  (X)  Ck^  X 

ottrMtHvoraujuj 

(/I  -I  la  X 

o't-u.t/^i/iu-u.aft/) 

-J  s  o 
n  •  o 
q;  in  X 


I    (    I    t    )    (    I    I    I    t    t    I    I    I 


I    f    I    I    I    t    I    I    I    I    I    (    I    I    I    I 


z  in 

uj    >  aroKti>u>N-N>ao4'inin(vj<rw*H< 

MO  .jN-mro0^u)^T4t£^inco^o^roro< 

UI  •..•• 

M  hi.(vjo»oi£«-<ro«^noinooai 

li.  UV\0          O          *HII^         *Hro 

U.  CJ          .H                             '^         *H 

UJ        to  I 
UJ 

fsi           Q  roin(vja.j-tn«H^tnou}W(rtroroc 
xoooroN-ino^romvD<H<OLn(Qr>-*H(r(0«D< 

XUJ<OX  •••-.•••. • 

a}(/)*HU.  ^  ^0        o        wlir}*Ha.J- 

lO  3  (VJ         T^                             ^         ^ 

iD   -5  I 

•  D 

(VJ4  ineo«ttJ-*4.^N.v4ro(vjma^T4T4. 
cjoo,Dinj'(vj<oo<-iroroirvCT'«ooo< 

II   UJ  «e3mineuv<-io^njro(vjoaof 

ojt  ro\C       o             I        (vjcvjo^tn 

>-  4  O  CM         ^                             ^1 
(J  X     • 

z    I   r^ 

ujz.J'  a^o^m^aro1HCVJ^wro^c^«rv1 

3d»H  (VJo^Oln^Dflo■•H^^T^^ofOln<T'^>.r^< 

C5Xtl/0  ••.•••••••.•••• 

Ui             UJ  iD(Vj.^roo^r<.T4^D(rinoc3oo< 

a:           O'Hoo  I        (vjvHtrin 

U.  O         O  ^         t4                             ^          I 

t-t      r 

t-  o    I 

oouj  roT4K*HTHoo\ooo(y*(roo<T»u\-*'< 

4    •  ^H^Oflorofo^.^oln^X)^o«(^(^^-^-< 

^^  ••• •• 

4o  inro.^ro^^o(vjr«.wiDco^a^t 

t5(VJ  (T         a                *-t|CVJCVI(P^ 

t  tH                 I           T-t          I 


UJ  (T 

(O  UJ 

X  evi 

a.  -i 

Q.     . 

o  o 

irt  CT» 

X  z 

O  -* 

X  -^ 

u. 

o  u> 

b. 

1 

ar  o 

UJ    1 

to 

03  UJ 

00  O  Z  2  . 


_iXZbOO_IMi-4 


>  2 
«  v. 


I  13  q; 

)  O  K 
1   (^  X 

:  o  X 


«X  Z  O  Of 

OOZUl       u.u.>-o 

*-4  UJ  3:       o  o  »-  or 

•  to  Of  o  CD  Ma 

t-tOKQ.DZZ_J 
Z  M  to  O  O  M  UJ 

«IX         _JZMM(DO 
bOC3<XMMH-<XM 
QfZ_JZ         (JOM> 
><lUJOZ4<_IQ£ 

oaTMMvaauJUJ 

Q^t-U.t/l(/lU_U.(»ft/) 


I    I    I    I 


_i  w  O 
O     .  O 

q;  fo  X 


U.  U.  V) 

u.  u.    • 

O  O  0 


O^«-l«0OOOOOO( 

crtnvOinooooooc 


o  00  X  UJ   in 


M  2 
CkT  ^ 

o  o 


O  I  UJ  cs  I 


I   I   t   I   I 


I   I   I   I 


tn  (rt    • 

Q£ 

—  X  J- 

o 

in  UJ 

M   OO  V) 

(Vi  oj  a. 

=)         UJ 

X         UJ 

<D 

M       (k: 

r^ 

1     (T 

(SI  •  o 

J-  <r  (T  UI 

in        •  o 

^       ro 

X 

h-  o 

CO 

X          (VJ     • 

ro 

o  t— 

3                O 

• 

• 

U- 

(Vi 

1    z 

UJ 

03 

X       z  u 

CJ        J-  o 

X 

X  «o 

•  (VJ  z 

O    O      -   «I 

to 

^-t  -J  in 

J- 

o  o  r 

o 

O   -H  3 

z 

X 

*     1     M 

0.  U  UJ 

Of          2 

o 

M  to 

<r  Ui  z  M 

«X}  a  ^  X 

to 

q:  o 

cr  -J  w 

Ui  z 

«-<  Z)     • 

O  o 

X 

•.(D  J- 

in 

Of 
UJ 

X 
X 

■H  o 

^£i    4 

C3 

ro  o 

o  o 

o  o  o 

o 

o 

UJ 

in 

us 

tn 

UJ 

00 

ro  -*■ 

o 

rsi 

Q 

in 

*-4 

<D 

o 

IC 

li 

X  a 

o 

o 

PJ 

(T 

t     1     1 

1    1 

1     1 

I 

a 

o 

cr  o 

o  o 

rvi 

-f 

V 

(VI 

r  UI 

r 

X 

UJ 

o 

X 

o 

J- 

r*. 

o 

c=>  o 

(T» 

C3 

in 

PJ 

J-  in 
«  =) 
in  n 

.  D 

o 

u. 

J- 

ro 

•Si 

(/I 

O 

u. 

in 

in 

o 

«H 

■;* 

T 

ii>  o 

<n 

m 

in 

<D  J' 

in  (VJ 

O 

to  J- 

(VI 

<s 

CD 

in  cr 

J> 

T-l    C3 

o  o 

o  o  o 

o 

o 

Q' 

X 

in 

i^ 

ro 

<H 

^ 

■H 

N. 

o 

-r 

iD  CD  r»- 

CT*  o 

ro 

pj  er 

to  J- 

'H 

PJ  (T 

(T 

(O 

o 

cr 

CM  kO 

M 

in 

«H 

r«. 

J-  ro 

in  o 

O 

CT 

(T  J- 

«> 

tD  o 

O   C3 

o  o  o 

o 

o 

(3 

r 

h 

»D 

o 

11    UJ 

o 

o 

(\J 

in 

CVI 

O   O   PJ 

1   ro 

ro 

O  \£) 

° 

C3   O 

o 

" 

o 

cr 

er 
ro 

in 

in 

^ 

^ 

t 

ro 

W 

'-' 

iH   O 

fO 

o  o 

o  o 

o  o  o 

o 

a 

<I 

J- 

%0 

ro 

ri 

^ 

»H 

y- 

<I 

o 

(VJ 

*H 

«H 

"H 

li 

_f 

J- 

O  X 

t 

O 

• 

t 

O 

T^ 

Z    I 

(T 

<D 

ro 

1^ 

<r 

J- 

PJ  0-- 

n 

y_ 

X 

111 

3  d 

(VI 

^ 

o 

1 

1 

1    1    1 

1    1 

1 

1       1 

1 

(        I 

1 

3 

PJ  03 

P^ 

in  in 

ro 

cr 

^ 

to 

r»> 

r4 

(T  r^  (3^ 

<-> 

cr  r 

tn 

UJ 

UJ 

O    ^ 

^ 

«  0^ 

>£   (VJ 

r^  in  (VJ 

(VI 

o 

t/i 

M 

r* 

QC 

o 

q; 

a 

M 

cr 

O 

nj 

1 

•» 

1 

■»-t 

PJ 

in  (VJ 

J-  in  rw 

o 

CQ 

ro 

J- 

u.  o 

o 

u. 

tJ 

<o  J- 

kO 

(VJ    J- 

Pj  r»- 

J-  T4ro 

o 

«I 

X 

V 

in 

^ 

^ 

X 

t- 

o 

1 

M   <£   *-l 

tJ 

(3 

o 

(J 

o 

Ui 

in 

r^ 

r^ 

•£> 

o 

o 

PJ 

o 

J^  J- 

in  (\J 

eo 

in 

o 

• 

iH 

1 

1 

1    1    t 

1    1 

1 

1       1 

1 

1       1 

1 

• 

•-»   »H 

r- 

o 

»-' 

f*- 

'^ 

tH  O 

UI 

(VJ  ro 

<T> 

JV 

■^ 

'^ 

(T 

«I 

« 

o 

o 

-a 

in 

^ 

^ 

ro 

to 

o 

o 

cu 

in 

(O 

in 

■H   O 

O 

oo 

00 


in 


(/I 


CO 


00 


to 


fo  ro  ^ 
O  O  PJ 


4  ro  q:  C^  Ui 

>  •  t-  >  z 

«  o  r  o  o 

X  J-  X  or  Q. 


UJ 


<x   af  C3  X  X  >-  o 

_jOOOmO«1C3M 
QC  M  (-  t-  X  Z  t- 
ODOMf-U-UJM 
M  O  4  Q£  O  3  Of 
»-XU.UCDU.C7UZ 


I  3  q;  in      -H 


IOI3ZZ     •wo;         OfQfM 

:  ot-OMauiiuMU-iiJo 
;t-M<i       q;x>ii>-uj 

■MOXUJO«t<IOO<IX 

)t-zoxtn_)_iMQ;_i 

<<IOUJM(Dt      ILJ>-t(n 
)^_lO»-<3liJU.XOU.UI 


(n  UJ  t- 

a  -J  X  z  00 

O  "J  O  M  00 

X  Z  M  o 

<a  UI  >-  _i 

U.  X  « 

O  U,  _l  UJ 

U.   -i  UJ  > 

q;  o  4  o  «i 

Ui    I    =)  z 
m  Ui  *—  UJ 

X  ^  a:  X  > 

3    <    M   M  ^ 

z  (-  >  I-  (n 


tn  tn 

tnozz_ix  <<N. 

o  _j  v-"  M       H-  D  en 

_j       <x  <x  z  o  q; 

•  L300ZUJ         U-U. 
Z  U.  M  UJ  z         o  o 

ouj    •    •tnckfocD 

MtK>-t-(/l»-Q-02Z 

►-       2  z  M  tn  o  o 

o.a«i«rx  _i2mm 
o;z  ooo<MMt- 

OOCkTQfZ-lZ  OO 
toot-  >«IUJOZ<l< 
CDO'XOQfMMN.CliQ; 

^tsxart-ittninu-ii- 


(D  o 

«I    M 
M   > 


00  PJ 

o  in 
r  ^ 
»—  I 


u._ixzooo_iMM       t-  otn 

OL30i-^tO_J         <4Zt3Qf 
XZM         O  •OOOZUJ         U.U. 

«3UJ>--lZU.  MUJZ         OO 

u.       x<a       ouJ»«tnQ;o(0 
Oil-       _jiijMQ:M>-tnH-Q.azz 

U._»UJ>M  ZZMOO  OO 

0?O4Q4Q.D«3«IX  _JZt-t»-< 
liJlZ>         ZCtfZ  (/)Q<XMMK- 

mujMUj  o3arQ;2_iz  ot3 
x^ax>t/iot-  =»4ujt3Z«i<i 
^.aMM^mt^xoQiMM's.QiK 
zt— >t-to<i«Jxo:'t-u.  tn(nii.ii. 


M  UI 

00  u 

<I    M 

M  :» 


44 


CO  ^H 

—   X   J' 


>  o  o  o  o  < 


X  ^ 

V 

u  o 

o  f^ 

Z   lA 

a  I  «  o      (T 

UJ      . 

UJ  »-  C\i  O  h-  -- 

t-<    C3 

>-  1     •    •  II     • 

O     1 

*  i-i  CT»  O  ^  « 

-J  z 

u. 

1     UJ 

u. 

Ui  (A 

UJ         C/1 

k-  _l      J- 

UJ 

O  (/I   «£)  « 

1           o 

w  J'  u.  u;   It     • 

I 

o  er           V  ® 

r 

UJ  «  r 

I   -T  sO    t      t      I      I 


■-4   >C    N-  K-   < 


I  rvj  ro  i/^  (M  (T  o  o  < 


iri  J-       M  ^   I   lr^       cNj  m 

^  -i-t  I  ^  --4 


J-  O   X   X  ^ 


>  r  o      ^ 

I  =>  z  _l    I 

r  ii  <  II 

>-«  a  u  UJ 

z  o  >-t  tn 

i  j:  (^  K  o 


O  o 


ir  CT"  \£)  tj  ( 
J'  lo  tf»  in  ( 

(T   J-   «>  vO  ( 


o  ^•£c\j^oii}fOT^Lrtr>^( 

rooN.or400N.<\jTHi£< 
J-  J-  CT"  IT"  cy  h^  \0 


UN 

J- 

.  Q 

py  o 

lY  X 

PO  o 

^ 

(T 

o  < 

•     • 

k-  r 

^  o 

o  u. 

•H 

□ 

u.  u. 

■» 

U  Z 

o 

u.  r 

Z    1 

3  V) 

V 

o 

UJ  2 

0.  t- 

Z  UJ 

D  < 

Q£  X 

OZ 

UJ 

t/l    l-H 

« 

a: 

OS  UJ 

n 

N. 

li.  U 

tf  3: 

»-« 

^ 

2 

u 

80    ^ 

w4    O 

« 

<T  If* 

r».  ■•-1 

-J 

1    ^   fl    sfl   O' 


t    I    I    I    I    I 


I    I    I    I 


>-  <3  O 

O  Z  . 

Z     I  ^^ 

UJ   Z  -4- 

3  ««  ■H  ( 

cr  z  I  tio 

UI  u 


_i  -» 

O  (M 


I  (T>  ir>  <r  n  o  < 

*H  rsj  D  m 


*-(   I   oj  ru  (T>  -y 


po  w  ^ 
o  o  OJ 


Of  or  UJ 
*-  ■>  :k 
zoo 
X  or  a 


X 

_l 

_J 

a      -1 

hH 

(/) 

W                00 

irt 

UJ 

»-4 

m 

tn 

in 

lA 

Ul 

<t 

UJ       «  tn 

Of 

z 

l/l  l/l              o 

>-  z 

-1 

Of 

z 

in 

m 

o 

2         -1 

«I 

or  o  r  it 

>-  o 

>  >-  o  in 

N. 

UI 

in 

UJ 

W  O  Z   Z  -1 

X 

<    N, 

(D 

UJ  vD 

(/I  UJ 

in 

O  7 

2 

_J  X 

< 

^          ffi 

r 

-J 

in 

O   M    O   <I 

o  »-• 

t-t  (J  »-•  o 

«4 

I 

K. 

0. 

_( 

X 

z 

m 

O    _J   M   .H 

o  t/> 

< 

X  • 

a  -1 

X  z 

in 

o 

_i  t-» 

M 

o 

tn      « 

o 

a: 

»-  t-  1-  z 

Z  1- 

UJ   2  »-  _l 

a. 

o 

o 

o 

(/I 

J       <  <  z 

O  QC 

OD 

a.   • 

Si 

O  (-« 

i/j 

-J 

< 

4 

z  o 

0£ 

q: 

o 

3 

<J   M   t-    U- 

UI   M 

U  UI  M 

^ 

PO 

t/i 

(NJ 

T 

z 

t-« 

o 

•  o  a  o 

Z  UJ 

u.  u. 

>-  O 

(/I  w 

t-t 

o 

-  o 

L3 

O  2 

UJ 

u. 

u.  >-  o 

u. 

l-t 

n 

«  a;  o 

1  cr 

UI  n  Of  m 

o 

\£) 

< 

UJ 

-J 

z  u.           •-« 

Ui  Z 

o  o 

*-   0£ 

O  J- 

«x 

UJ   >- 

-1 

z 

u. 

»-i  UJ 

z 

o 

O  »-  Of 

UJ  t- 

r 

U.  U  OD  U. 

GTO 

z 

tt  o  u  > 

z 

■.H 

u. 

X 

4 

O  UJ     •     •  bO 

q:  o 

m 

t-i  a 

z  ■^ 

u. 

X  -a 

o 

• 

on  Of 

o 

CD 

1^  Q. 

UJ  UJ 

a  UJ 

o 

o 

t~4Q^  *-  »~  m 

h-  Q. 

n 

z  z 

1-  1 

o  u. 

a;  t- 

Q. 

o  o 

3  Z 

z 

.  «  Q£ 

q:  Of 

t-t 

►-  or  or 

< 

u. 

UJ 

1-       z  z  »-• 

cn 

o  o 

<l 

u. 

> 

z 

Z 

»-t  m 

O 

O   tH   UJ 

7  -) 

h-  O 

(L  UI  Ut  »- 

U.  UJ 

n 

«X  U.  UJ  bO 

T  >-  VI 

e 

h- 

a: 

o 

< 

n 

a  o  «t  «  z 

_j 

7- 

t-t  t-( 

(D  u 

1 

Of  o 

<x  o 

a 

O  -I 

z 

2  *-• 

l-l  (D  t) 

t-t  «« 

q:  >-  >-  X 

UJ 

UJ 

1 

-> 

z 

or  z           crt 

o  < 

4    M 

UJ 

UJ     1 

3 

X 

« 

2 

m  o 

< 

t-i  t- 

»-<»-* 

o  z 

UJ 

O  «[  «*  o 

o  « 

r 

UJ  o  a  u> 

V 

fVJ 

(/I 

ea 

UJ 

UJ 

o  3  cK  a;  z 

-1  z 

o  o 

t~t    > 

l/l 

m  UJ 

t-   UJ 

o 

3  fY 

a 

Z  _l 

z 

O 

O  M   > 

(fl  t- 

z  o 

z 

in    _J    _J   M 

a  -I 

z  a:  -1  u 

z 

^ 

(ir 

z 

>- 

I/)  o  t-  >  < 

UJ  o 

2 

«  «I 

-1  Of 

l-l 

z  ^ 

Q£  Z 

> 

in 

O  •- 

> 

«X  UJ 

o 

2  «I 

«   _l  Of 

M   «1 

O  UJ 

S    1      1     UJ 

>-  1 

(/I 

M   >-     1     K 

o 

3 

4 

t-t 

M 

^ 

m  Of  z  u  or 

l-t   t-H 

^ 

or  o; 

o 

3  <I 

^ 

CD 

Of  z 

u 

o;  hH 

N.    O; 

Of  UJ  UJ 

O   _l 

-J  o 

►- 

«I  UJ  U,   X 

o  u. 

UJ 

1-   15  L.  UJ 

z 

Z 

t~ 

> 

*~ 

in 

«  O  X  a  t- 

U.   CO 

in 

u.  u. 

Of  (n 

2 

Z   k- 

>  »- 

in 

<i 

O  X 

a 

»-  u. 

00 

00  U- 

u.  or  (/I 

O  ^  ^  A  O  ( 
(T  ir  iD  ID  O  ( 
<D   ^  \0  ^J  C3  ( 


z  « 

• 

V  OJ 

o 

J- 

Nl   ISI    H 

«I   1  2 

V 

U.  U.  00 

00     • 

u.  u.    • 

UJ  o 

o  o  o 

jt  ^  a>  \t\ 


a  ^  -^  to  o  t 

a*  ir>  iD  in  o  < 

<D   ^  t£  rj  C3  I 


—  X  ^ 


to    I   t- 

2 

Ui 

4   4  U 

Of 

o  ir>  UJ 

t/1  (M  <\j  a 

UJ    •  • 

UJ  ^  o  o 


r  O  X  X  tX> 

J  Z 

■  4  >         « 

1    Z  O  'p4 

<  D  Z  _J    I 

Z  •-•  4    II 

i-t  a.  o  UJ 

2  o  t-t  tn 

4  z  (/)  «  o 


^rouNir^c3ooooo^( 


J-  w 

\f\ 

a 

o 

<o  -t 

h- 

o 

« 

2 

O   M 

o 

(T 

_l  <0  UJ 

« 

_l  O  O 

V 

N. 

O     •  O 
Of  (SJ  Z 

-) 

I-   lO    1 

4 

ft 

00 

2  -t  U_ 

o  tn 

T 

UJ 

r^ 

O    1     UI 

t-t  tn 

« 

o 

o 

t-  UI 

i-t  2 

V 

CO 

ta  V 

>- 

o  o 

t-< 

2  U^ 

q:  X 

r4 

o 

N. 

UJ     • 

UI  ►- 

sO 

o 

r^ 

I-"  o 

« 

■ 

O     1 

4   I-" 

o 

o 

^ 

<o 

t-H 

I    t    I    I    I    I    I 


I    I    I    I    I    I 


t  {/)  sO  \C 
.  UJ    M      • 


X  O  O  O  M   -*   M     I      I 
Z  UJ  CO  Z  •     ■ 


I     I     I     I     I     I      I 


I     I     I     I 


i-t        (/) 

^  ^  UJ 

-J  «>  o 


«  ®  ir>  IT  ( 


tt   X 

o  o 
on  t-t 


*<  3     • 
O  o 


O  -^ 

>-  4  *0 

O  Z  • 

2    I  M 


U.  U         I 

t-  O?  ' 

CJ  (T  I 

-J  «> 

4  1^ 


-^  J-  o  ^  a>  in  ^£ 

t    J    CD   O    fi   N-   ^    CT* 


Pd  ®  iTN  tr  . 


o  cr 
>-  4  o 
(J  z     . 


O    IfN    -J    -»    < 
(M   tfl  O 

OJ  ^t 


I    I    I    I    I    I    I 


3   O     I        I        I       I        I       I       I        I 


00 


(/> 


00 


ro  M  W 

o 
O  O  N 


4  ro  or  Of  UJ 

>  .  •-   >  X 

4  O  Z  U  O 

T  ■»  X  Of  a 


I         Of  O  Z  X  >-  o 
J000t-i040«-i 

q:  t-  »-  t-  z  2  »- 

jDO»-«t-U.UJM 
■«  O  4   Of  O         3  V 

-xu.umu.oo: 

J  O  UJ         • 

E  2    •  Of  o:       o;  Of  • 

3t-ia.uJUJ^u.uji 

K  Of   >-   V   X    I     >•   I 

CUJ044004: 

3Zoo_i_jt-ia-i 

J  M  CD    I      I     UJ  >■     I     t 

3»-4UJUXOUI 


O  UJ  HH          S^  M 

00  lA 

UJ  3  oe  m       *4 

O  ^0 

Of  CTO  V 

z  -< 

UJ           00 

»-   Of  QC                sD 

4 

4  u.  UJ  tn  o  ^ 

1   >-  m  It    • 

UI 

UJ  O  4   UJ  V   ^ 

00 

Z   Of  -J  U         ^4 

t-t 

t-4     >-       1       X 

o 

»-  O  U.  UJ 

z 

00  00  O  V   Z  -J 

inui^  ooozzjx  4v       at 

a-JXZOOO-Ji-ti-t         t-  OOO         4 

OOOt-lOOU         44ZOOf  O 

XZ)-t         O  vOOOZUJ        u.u.>o 

«XUJ>'^2U.  MUJZ  OOt-tt 

U.  X4  OUJ*>U0QCO(D  t-iO. 

ou.       _juji-tof»-i-tn>-ao2Z_i 
u.-jui>i-       zz«-«in  oo>-iuJ 

0fO4O4a.C344X  _jZt->*-*(SO 

UJI3  XQfZ  00O4t-.t-t-4i-i 

OJuJt-UJ  03Qftt2^Z         OU»-t> 

zwofZvino>->4UJOZ44^a 
34i-ii-iwcDQrzuQe^>-*vafQfujuj 
z^>H-tn40XQ^^u.intnu.uv</> 


i/> 


00 


00 


in 


00  l/l 

OOUJI-  OOOZZ-II  4N,  S 

0.jIZ(/>O-li-ttH         H-  OWO         4 

Ol30t-*in-J         44ZOQf  o 

XZ>-4        O  •OOOZUI         u.u.>-o 

<UJ>--JZU.  ^uiz        oo»-tt 

U.  Z4  OUJ>*00ttOCD  f^  Q. 

Ou.  _iUJ»-<Qf^*-00H-Q.O2Z_J 

U.^UJ>^  ZZ>-tO0  OOi-tUJ 

(£04040.0442  _lZ»-«*-»(00 

UJI3  ZtfZ  l/104i-«>-^4l-t 

(OUJ*-UJ  ODOfOfZ^Z  OOM> 
Z^aCC>-</>0^  >4UJ0Z44  ^tf 
34t-it^^eDQfZOQf>-)t-'>>.afQfUJUJ 

z»-  >^o^«oxQew-uini/iu.u.Oft/t 


45 


ti.   U.  (/) 

u.  u.    - 
o  00 


^      <  <  o 


O  ^   «H  CD  c 

o>  in  vc  ir\  < 

CO  J-  03  M  < 


^roininoooe 


^  >i) 


«         Q.  t/l 

O  CO  X  UJ 

IH  U1  < 

^  iiJ 

•H  Z 

Of  bC 

o  o 

M 

Q£  X  ^  O  ^ 

UJ  h-  N.  O  h-  W 

>-  I       •     •    II      • 

<  IH  f<^  O   Nf  K 

^  z: 

I  lu 

uj  in 


>  ro 


O  00  iD  xO 
U.  liJ    II      • 


X 

Z  _J 

0 

u 

*  0 

X   X  tD 

M  Z 

0  0 

>        as 

«->  -J 

in 

J- 

0 

0  E 

0        *H 

0 

»4  3 

Z  _l    1 

Z 

M  «a  II 

•^ 

1     M 

a  u  ui 

0£ 

z 

0  i-t  w 

0^  LU 

Z  M 

J  t-  n 

%o  0 

vH  Z 

(/)  q:  0 

<r  _i 

^  z> 

•  > 

0 

Z         M 

•'ffi 

J- 

Df         X 

UN 

LU         Z 

w4  0 

h- 

q;  X  00  I 
O  4  ■ 
»-   Z  (T  I 


rooN.aroo^irtj->Hir\o 
J-  J-  <r  U^  CJ  o  N- 


«*       «  0  Z  X  >-  0 

z 

_JtOOtHO«10M 

0 

or  1-  1-  ^_  r  z  t- 

ll- 

1-4  0  <t  o;  0       3  0^ 

UJt-XLl.omU.C30Z 

0  £J 

=)zz    .an;      aarw 

Z  3 

t-o*Hauujt-u.ujQ 

t-tl          Q^>->-II>Ui 

ozujo«i«aoo«az 

in  >- 

zozt/)_(_iMo;_i 

IH   «I 

0  UJ  M  CD    1      1    UJ  >-     1     bO 

0    _l 

_Hj>|-*XUJU.XlSll_UJ 

(\J    tH   If*  -H  CM   CT^ 

C\J  W  II       . 

o:       -I 

UJ      tf  (n 

:>  >-  o  (rt  « 

(H  o  *-<  o  T^  ^ 

UJ  z  »-  -J  II      • 

o  UJ  i-H  ^  o 

UJ    3   Of  Wl  -r^ 

q;  00  5- 

UJ  i/> 

h-  aof  •* 

«l  U.  UJ  (/)  o  o 

I  >  tn  II    • 

UJ  O  <  UJ  ^  <-< 

z  q;  -t  o  <-* 

M  V     I  X 

h-  O  U.  UJ 


(/I 


I    I    t    I    I 


I    I    t    I    I 


-J  tt  o 

o    •  o 

q;  N.  r 

►-  lf>  t 

Z    -H  U. 

OlUJOIIIIIIilllllllll 

o 


PO  CVJ  J-     I 

J-  ■H 


e  o  cvi  ^  0} 

e  z  •    • 

•    I  ro  vD 

«H  u.  ift  ir> 


0 

^orooeooooooo 

-I 

0> 

>-  < 

»-( 

CJ  J-  (T  in 

u.  u. 

J-  f*- 

0  z 

fO 

0 

U- 

z 

Z    t 

0 

3 

V) 

^  <e 

UJ  z 

UJ 

a  t- 

z 

Ul 

Z5«I 

X  X 

oz 

u. 

0  0 

UJ 

UJ 

oj--H(0(rooo*firop^ifio 

CO  M 

ir\ 

Q£ 

ta 

<ru>»Dm«>'.Hcvj-(N.ror^o 

m  UJ 

M  m 

u.  0 

«j-vO(\ij-oirtod-irt(Do 

<    X 

^  m 

I-* 

(T  ir>  in  >fi  <: 


I    I    I    I    I    I    I 


I    I    I    I    I 


I    I    I    I    I    t    ( 


Z         t/l  to              0                    >-  Z        -J 

vD 

(/1UJ»-                t/IOZZ-IX                <3N.         ffi 

CL-JXZbOO-li-iM         t-                ObO         <X 

OOOM00_J         4<Z(3(lf                            0 

<B 

XZt-H         0            vOt^OZUJ         L.U.>0 

in 

«XUJ>--JZU.                tHUJX         OOi-Of 

■H 

u.      x<      ouj**viQfoa)          i-ta 

( 

OU.          _lUJMQfl-^(/)»-Q.aZZ-J 

u._iuJ>i-      X  ^*-*  tn          ooMUj 

Qf0<0<tQ.0<I4Z         .JZMMmO 

UJI=>         XQ£Z               fnO<t-4»-»-«XIH 

asujt-uj      o3q;q:z_jz      oot->> 

Z^0fZ>-(AO»-XUJOZ4<-lQ: 

3«atH»-iiiCDft:zoQ;i-iM'vo;arujuJ 

ZI->l-f/l«lOXttl-U.trttrtU.U.(KC0 

I    I    I    I    I 


^u^^.a>oo*^c^J^J-ro^l 


zoo 
Z  Ujo 

U)  bO  0 

\D   -> 
•   0 

0 
z 
1 
u. 

w 

0(SJO*4^(\JJ-lIN(rT^<r4'*H<rvD\PO 

(MOJvOtCoiniMo^tvj^^eoao 
J-  <-(       0             1     1   nj  e\i  ff*  ^ 

^oa}(sjnoff>c\j^ao«Ct£)0^r«.-N-o 

0  er 

^J«^^ee3^'^c^u^ao>oooe 
ru  0        o              1         •-«  (M  CD  J* 

-i  J- 

O  CM 


I    I    I    I    I    I 


I    I    I    I    I    I 


trt 


to 


CO  UJ 

>-  Z  _j 

«  N.  (O 

a  (/)  < 


UJ-H  C/1UJt»                (OOZZ^X 

Xf^  a^XZ(/)0-JMM         H 

a*  ooi3M(/)j      44ZO(r                  — 

(OK  XZH4        O          'OOOZUJ        u.u.>-o 

OrO  <UJ>-^ZU.                H4UJZ          OOh-Of 

z«H  u.      xa      ouj**(/)a;oco          mo. 

^1  OU.          _JUJMQff-(-(rtH-a.OZZ_l 

<X  U.^UJ>»-          ZZtHC/^                QOMUJ 

I  QfO<0<a.O«I<Z        ^Zt-4M(QU 

UJ  UJI3         XQfZ                (00«Zi-lK»-<M 

(/}  (DUJ»-UJ         OZSQfOfZuZ         UUM> 

t-i  Z^KZ>-V10l->«IUJ0Z<«-ja£ 

O  3<tMM^(SQ£ZOCk^l-ll-|-*vKQfUJUJ 

z  z>->>-(n<iisxQ^H-u-trtwu.u.afw 


O  J-   ^  <0  c 

(T  in  ^  in  < 

«   J-   lO  CM  ( 


>  cr  (M 

M      • 


I    I    t    I    I    I 


I    I    I    I    I 


t4         4  4  U 


oi  in  tD  in  o  c 

<0  J-  vD  (M  O  ( 


<o  « 
II    • 


Of  X  <i>  o  h. 

UJ  t-   --t  O  f-  J- 

>•   I     •    •  II  • 

«z  i-i  go  a  ^  r» 


lilt 


I    I    I    I    I    I    I 


■  A  bO  CM  C 
I         UJ     • 

UJ  tC  ( 

t       Of  r- 

I  «  o 
:  (T  UJ 
•  o  ^  . 


^  ^  o  ro  ( 
ro  J-  ^D  (T  C 

(O  PO  J-  iD  ( 


in  cr  <D  -H  c 
J-  ro  in  in  < 

^  -^  oO  iC  ( 


u 

^  0 

X 

X 

to 

» 

CM  2 

0 

® 

^ 

in 

J- 

0 

0  z 

0 

■H 

0 

*^  3 

z 

J 

1 

l-l 

1    M 

a 

0 

UJ 

Q' 

z 

0 

V) 

a>  Ui  z  M 

J 

1- 

M 

«£ 

0 

^  z 

VI 

oc 

0 

(T 

-1 

■rH 

UJ 

z 

O^T-teoCTOiD^CMN-rv-O 

a^iniX)tn(o*-<inrvcoroa}o 
<&■^^0(\i-i'oln*Ho^ln•Ho 

rooh.aCMOo.i-TH*-tvOo 
J-  J-  cr  in  CM  cr  N. 

vO  Mr*) 


O  (A  \D  CD 

I  n  u.  UJ  II    • 

I  CO  ^  CO 


q;  X  fo 

o  «a    • 

I-  r  o 

o  u.  ^H 


LP  vO 
O    11       • 


CL   »-  Z  I 
K   X 
O  O 


J-  CM 

:   II     • 
I  c/i  ^  a* 


n  in  ■ 

CM  3 


t  u.       mm 


II   UJ 

o  *o 

>-  <t  (T 
O  Z     • 

z   I   ro 

Ul  Z  vD 

3  «i  ^ 

C5Z    I    ( 


O  (Q  ( 


cr  ro  m  »D  o  < 

CM  CM         vH 


o  cr 

>-  <z  o 
o  z    • 

2  1  N. 

UJ  z  -^ 

3  <I  ^ 
C5  Z  I    ( 


-I  J- 

4  O 
0  (M 


>  m  »H  cr  in  •  - 


I    I    I    I    I    I    I    I 


>  O   CM 


<  ro  iz  (^  UJ 

>   •  »-  >  z 

«x  e  z  u  o 

X  ^  X  or  a. 


I  in  o 

(K  t- 

)  3  o 

t  o  4 

■  X  u. 


O  Z  X  >-  o 

•-<  O  4  O  •-< 

I-  t-  Z  Z  I- 

hH   h-  U.  UJ    HH 

£*;  O        3  QC 

o  (S  u.  cr  o  z 


o  o 

Z   3 

4  t- 


UJ  O  4  4   O  O  • 

r  i/i  _j  _i  M  or  . 


O  UJ  •-« 
UJ  3  Of  ( 

ft;  C50  : 


UJ  O  4  l 

Z  Of  _i  ( 

M  >•   I   : 

►-  o  u.  I 


Z 

(/I 

on 

w 

UJ 

1- 

w 

0 

a 

T 

z 

(fl 

C3 

0  f) 

O 

to 

-1 

I 

z 

0 

UJ 

-J 

z  u. 

u. 

X  4 

0  UJ 

0 

UJ 

t-l 

Of 

u. 

-J 

UJ 

a  0 

4 

n 

4 

0. 

Q 

3 

X 

a 

z 

CD 

UJ 

UJ 

0 

3 

Z 

^  a:  z 

^ 

w 

0 

3 

4 

M 

»-t 

:^ 

CD 

Of 

•  •  (/I  Of  o  m 

I-  t-  in  »-  a  o 

Z  Z  M  (O 

4  4  Z          -t  Z 

(/>  O  4  IH 

Of  q:  Z  ^  Z 

»-  >  4  UJ  O  Z 

Z  O  Of  t-t  «-<  N. 

X  (^  »-  b.  t/l  to 


>-  Z         _J 

(^ 

z       10  to            0                 >-  Z       J 

4  >.         CO 

Ul  tt 

(O  UJ 

^           coozz-ix           4v       m 

0.   -1 

XZCOO-IIHW         »-                0(0         «* 

0 

a  • 

0  0 

L9MtO_l         44ZOQf                             O 

X  z 

l-l         0            .OOOZUJ         b.U.>-0 

0  at-  0£ 

oro 

Ui>^ZU.                MUJZ         OOt-Of 

M  0. 

Z  *H 

u. 

X4      ouj«>(oaroffi          m(l 

Z   Z  -1 

»-     1 

0  u. 

_iUi»-ift:i-i-(OK(i.ozz_( 

0  0  M  UJ 

4 

u. 

_JUi>>-         ZZH^t/)              OOi-<UJ 

l-i  l-i  CD  0 

q;  0 

404a.044Z         _lZt-IKHCDO 

t-  1-  4  M 

UJ 

Ul    1 

3         Z  a  Z                10  Q  4  I-H  t-  1-  4  M 

0   0   M    > 

to 

a  UJ 

l-UJ         03CkfQ;Z-IZ         OOl-*> 

4   4    _f  Of 

M 

z  ^ 

QfZ>-tOOt->4bJOZ44ja: 

Of  Of  UJ  Ui 

0 

3  4 

t-IM3^ffiQfZUQ:M»H>.,.Q^Q:UJUI 

u.  u.  or  10 

z 

z  •- 

>l—  t040X(ift—  U.tOtOlj.U.0ftO 

46 


U.  U.  (/) 

o  o  o 


O  -J  *H   O  O  I 

CT»  in  ^c  in  C3  < 

«  J'  \D  r\j  C5  ( 

ro  o  r^  o  o  < 

J-  jf  (T  lA 


o  ^  *H  <c  o  < 

0f   l/N    vD   LT    O    I 
«    -t    *£)   fNJ   o    « 


in  ^D 

vH 

o 

(C 

z 

w 

o  o 

o 

o 

cr 

" 

" 

V 

o; 

o 

IT  o 
•  o 

^ 

n 

15 

2 

•^  J 

o  en 

X 

« 

O 

« 

PO 

o 

1-   UJ 

t-i  2 

V 

cr 

or  :i^ 

u  u 

u 

f^ 

I    I    I    I    I 


I    I    I    I 


—I  fO  UJ 

^  ^  O 

O     •  O 

Of  ^  r 

z  -^  u. 


J  ^£f<^«aorH(\ir^ir\( 


t£  ^  o  n  C3  i 
to  ^  vD  (T  o  < 
(C  to  ^  lO  o  < 


m  ^  <-•  o^  o  < 


t  e  o  a  ^ 


o  (/)  «£  rj 

-  U.  UJ    II       • 


I  o  M  if>  ro 
I  r  •  • 
>    I         M  <r 


I      I     CM  (\J  O^   J- 


IT  tr  vD  1-1  I 
J-  fO  u^  IT  < 
tr  -J  <o  ^0  ( 


CO  O 
Q£  X  CO  O 
O  <l      .      . 

I-  r  (T  o 


(J       J-  o  r  X  »D 

•  CO  z  • 

o  o    >  <  :>       « 

«4  _t  tn  ^ 

o  e  X  o       ^4 

(J  t4  3  z  ^   t 

r  t-i  <  ti 

*  I  M  a.  u  UJ 
a      2  o  M  w 

<r  UJ  2  M  J  »-  M 

\C  a  vH  z  (/)  tf  o 

a<  u  'T^  UJ  2 


o^u^^ou^<o^-^oo^ofOvD( 
cc^ii}rjjoif\no^ir^irt( 


u.  u. 

o  u.  X 
•      3  crt  : 
a  I-  X  ui 
a:  X 

O  t5 

m  UJ  r 

<  X 


I  o  in  o  tfi  n  (D 
.  ro  (M  in  (r  J-  ^ 


0  X    I     (/I 


UJ  z  ^ 

3  «I  ■^ 

O  X    I    I 


>  in  irt  1-4  m  c 


n  r>  ^ 

O  O  CO 


<  M  a;  q;  UJ 
>  •  t-  ->  T 

<  o  X  u  o 
X  ^  X  tt'  a 


o  w  in  a 

C\J 

M 

■^ 

b^ 

cr 

X 

_, 

_i 

q;       -I 

< 

«x 

«a 

ai  o 

r 

X  >-  o 

>  >-  O  (O 

« 

X 

trt 

O   *H 

o 

<  o  •-« 

l-(  O  M  O 

o 

O' 

X  z  t- 

u 

=> 

<J   t-" 

U.    UJ   M 

O  UJ  l-H 

V 

cr 

u. 

M 

o 

«x  a: 

o 

3  a 

ui  3  q;  in 

UJ 

^ 

I 

u.  o 

CD 

u.  o  u 

z 

q;  a  o  >- 

UJ  UJ 

Q 

O  UJ 

«I 

UJ       m 

o  o 

3 

z 

z 

.  a 

Of 

(^  (^ 

M 

*-  oc  a 

«o 

2  13 

o 

K4 

(L  UJ 

t-  ll.  UJ 

«I  U-  UJ  (/I 

o 

M 

<I 

a  >- 

V 

X    1     V 

1   >-  in 

II 

►-   M 

o 

r 

UJ 

o  <t 

1 

o  o  < 

r 

UJ  O  <  UJ 

V 

cr 

W  t- 

z 

o 

X 

in  -1 

_l 

M  o;  _i 

X  a  _J  o 

*H   4 

o 

UJ 

HH 

m   1 

UJ  >-     ( 

(A 

l-l  >-     1     X 

O  _l 

_J 

o 

k- 

<r  UJ 

b. 

I  O  U- 

UJ 

1-  O  U.  UJ 

W   O   Z  2  -I  X 


a.    • 

o  o 

en  \0 

X  z 

o  in 

X  W 

u. 

o  u. 

b. 

1 

Qi  o 

UJ 

UJ     1 

f/i 

(D  UJ 

M 

X   i^ 

(/» 

< 

4 

2 

n 

Of 

o 

o 

u 

O 

z 

UJ 

u. 

u. 

z 

u. 

i-i 

UJ 

z 

o 

o 

o 

UJ 

• 

• 

CO  Of  O  ffi 

t-i 

UJ 

t-« 

0- 

tn 

n 

z 

z 

2 

z 

M  tn 

o 

o 

M 

a 

«* 

X 

z 

M 

(D 

3  Of 

z 

(n 

o  <t 

M 

4 

O  3  Of  Of  Z 

-i 

z 

U 

o 

M 

tn 

o 

>  < 

UJ 

o 

z 

<s 

<* 

:i£  oo  0^  X  u  Of 

IH 

M 

v 

Of  Of  Ul 

en  «i 

u 

X 

a 

»- 

u. 

(n 

tn 

u. 

u.  a 

tn 


(n 


tn 


tn 


0.     • 

o  o 

en  sD 

X   2 

o  w 

«x 

X  -H 

u. 

o  u. 

«x 

IL. 

1 

(X  o 

UJ 

UJ    1 

tn 

(S  UJ 

M 

X  ^ 

o 

13  « 

z 

2  1- 

_       tn  to  _  .    _       _ 

t-  tnOZ2_)X  <V         CD 

x2ino_jt-t»-i      J-  oin      < 

o^-itn^       <x4ZOQf  0 

»-t        O          •OOOZUJ  u.u.>-o 

UJ>-_IZU.                I-HUJZ  00»-Qf 

x«       ouj»»tntj;otii  ►-•o. 

_JUJI-iOit-l-l/l*-Q.OZZ_l 

_juj>^       z2Min  ooMUJ 

«o4a.a<<x  _iZM»-<tso 
3       xttz  tno<it-tt->-<»-H 

l-UJ         OOOfOfZJZ         UOt-»=» 

Q;x>-tno»-^<uJOZ<<_i(kf 
■M»H^aiQfzuQft-«»-«N.QfafUJUJ 
>H-(n<ioxQf^u.tntnu>u.Qfv* 


I    I    I    I    I 


»  o  <T»  in 


u.  u.  tn 
u.  u.  • 
o  OCf 


a  ^  *-t  CD  o  a  c 
O^  in  v£  in  o  ^  c 
oo  J  \C  fvj  o  o  ( 


>  o  o  o  o  o  < 


in 

tn 

• 

Of 

T 

J- 

o 

ITi 

« 

tn  cj 

CO 

n 

3 

X 

UJ  ^ 

o 

a  1^ 

1 

O" 

_J         U.   13 

<i       Q.  tn 
o  in  X  iiJ 


4  M  h-  o  ^  cr 

-J  X 


I   J'   ^D  (T  O  O  ( 


-t 

o 

u. 

CO 

1     X 

m 

X       X  -i 

u      •*-  o 

I 

T  ^ 

•  Ai  z 

o  O     •  4 

> 

e 

J' 

o  o  r 

o 

*-< 

O   -H  3 

z 

X 

M 

•  1  >-* 

Q. 

U  UJ 

tX         2 

O 

HH  tn 

cr  ui  z  »-< 

tO  O  *~i  C 

l/l 

a:  o 

<r  -1  *^ 

UJ  z 

-^  3     • 

O  o 

X 

fsj 

fflD  * 

oe 

X 

4       in  o  i~<  G^  o  o  < 

►-         \0  J'   o  J- 
<I  CT"  ■r^ 


in  ?^  vD  <-•  C3  < 
J-  fo  in  in  o  < 
a*  ^  to  sD  o  f 


o  i/i  *o  in 

I  CJ  U.  UJ    II      • 

>  nj  ^  cr 


o^intDLnooH^^t^rooi 
«}J'^I9C^JJ'ou^^orou^^-< 


>  o  tO  J*  r-i  in  ( 


I    I    I    I    I 


I    I    I    I    I    I 


(T  <1 

Of  X  in  o  i^  cr 

O  4    •    • 

t-  I  <r  o 

U   Li. 

a  o 

«I                             ^ 

>-  «i  J- 

u.  u.           -»■  in 

O  X     . 

O  U.  X    11      • 

z    1    n 

3  tn  i£  o^ 

UJ  Z    v£ 

Q.  )-  r  UJ 

3  «*   ^ 

or  X 

a  X   1 

o  o 

UJ 

•H      tn 

_J  C\J  UJ 

^  0*  o 
o  •  o 
a;  to  X 

^  K)  I 
Z  -^  U. 
O    I    liJ  < 


Z  lA 

UJ    •  ^ro^flO*-*o^oLr>toroj'tttr^-Jo 
MO       roro(\l^<•^Jln<i)«-<s^tn«^-■HC^CJ(^Jo 

oi  

iH  j'fs.fs.KoO'.-troJ'J-rofOcaooo 

ii.  in^H       o       •HiiPO^H^fo 

u.  fo       w                      •-«       »^ 

UJ       tn  t 

J           o  ln^o<^(^^-^^«.l^M■*<^lr^^-<^o(^o 
;ooocoPj»Ho--4j'C«jj'ir^(ro«-tN.crsDiAo 

:uJox        ••••• 

►-    •!  rj-**D\OoiniH^j'f\j-*fvjc»^c»o 

jinou.  ^w       o             iiwRjO'j- 

DO  ro       ^                      -^        I 
5  -» 

•  o 

j^  --i^r^vnJ'o'ocotroocMcrinin'o 

T4in<0t0CM'0OCT*fvjr00^^Df00^N-^O 

,i4j  njcTj-j-^oj-^erin^ttoo^^ 

OCT  (\Jo         o                I          «Ht\J«^ 


I 


_J   vC 


I     I    I     I    t 


-1  ^ 
<  o 
O  (VJ 


ro  fo  « 

e 

O  O  N 


<  ro  Of  ti;  tiJ 

>    •  »-  >  X 

«  o  X  o  o 

I  J  X  or  Q. 


4       af  o  X  X  >-  o 

X  _Jl/lOMO<0'-« 

O  dCt-^-l-XZt- 

(K  03<Jl-*>-U.UJt-i 

u.  •-io«(QfO       oaf 

UJ^    XU.oa3U.C3tJZ 

UJ  UJ  O  UJ  O  UJ         < 

(jor)2Z  'tjcof  aoft-» 
zo»-OMa.ujuj»-u.ujo 
<>-i-i4  Qe>->-xi>-uj 
H-»-«orujo<x<oo4  X 
tn»-zoxtn_ijt-iQf-j 
•-440UJMCSI    itijvttn 

0_J-J0h-<UJU.XUU.    Ui 


ui       <  tn 
>  V  o  tn 

l-H    O   l-l   o 


tn 


(/I 


tn 


tn 


.^4  in 
11  • 
V  tr 


UJ  tn 

-  cr  Of 

(   U.  UJ  </>  ' 

1  >-  tn 

J  o  <  l*J 

:  Of  J  u 

'4    >-      I  X 

-  L9  ll.  IjJ 


l/l  tn  o  >-  z  J 

tnuj^  tnozz-jx  <n.  cd 

a-tX2ino_ii-<i-i      t~  otn  4 

ooo>-4(n_i       44200;  CO 

X2m         O  •0002UJ         U.U.VO 

4UJ>-J2U.  MUJX         OOH-Qf 

u.       X4       ouj>*tnafoa}  ^a 

ou.       _jujt-<or>-»-tnk-ao2Z_j 

U._jliJ>^         zz>-tui  00»-tUJ 

0;O4O4tLa44E  ^  X  t-t  *~*  tn  L3 

UJlD  XQfZ  in04«-t»->-4i-t 

(Sujt-uj       o3o:o£Z^z       uu>-«> 

XVQ:X>-tnO»->4UJOZ44^tt 

=34>-<t-i^sofXua>-ii-iN.(raftiJUj 
z>-  >i-tn40XQf^u.(n(nb.ii.ortn 


in 


in 


tn 


tn 


UJ 


uj-r  inuj»-           tnozz_ix           4's>.       m 

x«  (i_iiz(no-«t-*>-<      *-           oin       4 

a.*  ooot-*in_f       44zoof                    cd 

(/)  tO  XZ*-t         O            .OOOZUJ         U.U.VO 

OfO  4UJ>-— 'ZU.                hhujX          00»-tt 

X--I  ti.          14          OUJ»"l/>QfOlX)                t-tO. 

»-i  OU.        _juji-iQf»-»-tn^aazz_j 

«  u.^i&j>»-       zzfin           oo*-*uj 

I  Qf0404aC)44X          _JZi-««-*(DU 

UJ  uj<r)       zttZ           ino4i-ti-»-4M 

in  (DiiJMUj       o3a:QfZ->z       uu>-<> 

11  X^QfX>-(/)0»->4UiOZ44-ia 

O  04t-«i-i^tDQfXU(rM(-i^tfCi:UiUi 

z  z»-»»-(/^40xQr»-u.(ntnu.u.ar(/) 


47 


U.   U.  (/) 

U.  li.     • 

o  o  o 


o  J-  «-i  «  o  o  a  < 
<r  IT  vD  IT  O  O  a  ( 
n  ^  (£  oj  o  o  o  I 


>  o  o  o  o 


C3   C3   O    O 

(T  OJ 

-)  ^  UJ 

N.    »H 

-1  (T  O 

V  in 

O     .  O 
Q£  >J)  Z 

-}         U.    3 

k-  lf\    1 

<r       CL  i/» 

2  -H  U. 

O   l/l  I  UJ 

rs. 

O     t     Ui 

*-•  t/i 

«  r^ 

U 

t-l  z 

^  m 

q;  ^ 

o  o 

O  f^ 

(till 


-I  ■«-  Ui 

^  tC  o 

o    •  o 

Q£  C3  z: 

h-  J-  I 

2  -^  U- 


2  IT 
UJ  • 
i-t  O 
U    I 


J-  -i)  N-  CO  a  < 


»-  CO  (O  CM  M  Q. 

S  UJ     •     • 

Z  UJ  vO   o  ^ 

rst  CO  o 

■  0  0\  UJ  t( 


J-  LD  X   X  ^ 
.  OJ  2  • 

)      •   <  >  CO 

J  us  J- 

>  O  X  o         «-< 

>  ^4  3  Z   -J    I 

X  tH  4    II 

>  I    i-(  Q.  U  UJ 

;      z  o  M  CO 

i   2    M  li   t-   tH 

1  'H  X  ui  a:  o 


»C    J'    O   PO    O    O   ( 

to  ^  \0  (T  o  es  < 

<o  ro  ^  ^D  o  o  { 


if\  a  ir^  <r  o  o  o  < 

vD  J-  o  J- 


t4      0^       in  o^  i£  ^  o  < 
<z       J-  m  ift  in  o  c 

I)  (T>  -^  <0  «D  O  < 


I  o  e 
I  o  o 


o  ^  THooa^oiDroror-oo 
(riniDiniDvHocoinrocDo 

flO^<Dt\J^OCOi£ttm«HO 

MoN-orooonro^Hino 
J-  J-  tr  in  o  r- 


£L  t-  r  I 
en  X 
o  o 


in  fy 
>  It    • 

1   ^  K 


:  It    • 

I  (/I  ^  r*. 


X  o  o  O  CM  ■«  < 


{\}  tfl  K  «  t 

in  in       ■^ 


t1    UJ 

D  in 
>-  <i  ^ 
o  X  - 
2  I  ni 
Ui  z  \£) 
•n  *z  -r^ 

axil 

UJ  I 

a:  c 


K     •    1 

PO  1*5  vT)  »0 

sD  (/)  O  U- 

J-   ^          O 

*0  O 

ro       ^ 

^  -» 

.  o 

(Vi  < 

nj  in  <o  1*^ 

0^  in  CO  (\j 

(      I     CSJ  CVJ  (T  ^ 


II    UJ 

O  (T 
>-  <  o 


Cf  X  I     CO 

UJ  Uf 

Of  o 

U-  u  o 


w  ^-  J-  4-  o  < 


w  ro  ^ 
o  o  c\j 


Q^  QC  UJ 
K  >  I 
X  O  O 

X  a  a 


_JV10M0«*0t-t 


UJ  UJ  O  UJ 
O  O  =3  2   Z     • 
Z  3  t-  O  •-•  Q. 
<  ^  fH  «X  Q: 

K  •-<  O  X  UJ  O 
(/I  t-  Z  O  X  (/) 
l-H  <l  O  UJ  »-(  CD 
O   _J  -J  O  K  «I 


Of  Of 

LU  UJ  f 

V  V  : 

<  <  I 


or       -J 

UJ         «X   lO 

>  >-  (J  to       ro 

M  U  t-*   O   ■H  CM 
UJ   2  »-   -J    II      • 

u  UJ  »H       :e  o^ 

UJ  ^  Of  V) 

or  ao  >- 

UJ         l/l 

t-  a;  Of  (\j 

<  U.  UJ  (/)  a  K 

I    >-  {/)  II  « 

UJ  O  <  UJ  ^  (T 

X  Of  u  u 

M  >-     I     X 

>-  CD  U.  UJ 


Irt 


irt 


irt 


irt  (/I 

(/lUlk-  (/)OZZ_IX  • 

a-lX2trtO_JI-IM        t-  c 

XZM         O  •OOOZUJ         I 

•3UJV-IZU.  tHUJZ  ( 

U.       X4       ouj'*t/)Qroa> 
ou.       -iujMQf)-(-(/)i-Q.a: 

U-_lUi>t-         ZZMOO  ( 

a;o«iQ«ia.o<r<ix      _iz> 
UJIO       zo^z  iooa»H» 

ODUJK-UJ         03Q£a£Z_jZ         < 

x^q:x>"C/ioi-xiujoz< 

3<l-«Ma^a3QfXUQf>HI-iN,t 

Z»-=»»-t/)<l3XQ;i-U-(/lt/>l 


:  ^  Of 
;  u  UJ 

.  Of  I/) 


CO  UJ 

a  J 
o  o 
X  z 


O  U- 

u.  . 

Qi  O  • 

UJ  I  : 

CD  UJ  * 
X  ^  ( 


O  M  ( 
M  ( 

UJ  >-   . 
X  4 


:  >-  lo 
I  ^  m 
■  (/I  <i 


trt  o  >-  z       -J 

022_IX  «N.        m 

_J  M  M          H  O   V)          ** 

«X  <X  Z  O  Q£  (O 

•  OOOZUJ  u.u.>-o 

u.          *HUJX  oot-o: 

UJaal/IOfOCO  l-tO. 

0^^1-10^0.022^ 

2Zt-t(/)  OOMUJ 

□  *t«ax        jzmmOJO 
Z  (rtO«Xt-lt-*-**M 

=3Q;q£Z^Z         00M» 
0»-=><IUJOZ<<-IQ£ 

(^xoaftHMKOfOfUiUJ 

l5Xflit-1Jul/l(/>U,U.Q^(/) 


4  <I  Z 

U.  U.  (/) 

u.  u>  • 

o  o  cr 


w 

V) 

• 

o* 

T 

J- 

US 

<*> 

CO 

M 

PJ 

Q. 

3 

UJ 

X 

^O 

C3 

CD 

0^ 

N. 

IT 

<fl 

10 

J- 

«( 

ff.  UJ 

» 

J-  J-  tr  in 


^^    «-4(D^OOC 

(TinuOtnoooe 

0^lD<NJC9^0C 


a>  <xj 

-r 

a 

o 

in  CO 

ro 

o 

CO 

2 

I-t         M 

o  ^ 

o 

(T  (T 

_l  'H   UJ 

h- 

" 

II      • 
i^  CD 

-1  N.  O 
O  .  O 
Of  iO  X 

li 

•a 

n 

tn 

Z  --1  u. 

O  V) 

X 

UJ 

O    1     UJ 

tH   V) 

CO  (T 

u 

1-  UJ 

1-1   2 

i^   OO 

q;  V 

o  o 

O  K 

IH 

z  in 

o;  X 

«-4 

UJ  t- 

ro 

o 

f^  (T 

M  O 

>■  t 

• 

• 

U    1 

•a  i-i 

h- 

o 

^  (C 

l-H 

Of  r^  X 
fr-  ro  I 

2  w  u. 


I  I  I  I  I  I  I  I  I 


)  I  I  I  I  I  I  I  I 


w  _i  in 

O  O  X 
O  -H  3 

X 

•■  I  HH 

Of    2 

<r  UJ  2  n 

«£>  O  ^  X 

<r  »j  -^ 
o  o 


2  _J  I 

t-t  «i  (I 
0.  U  UJ 
O  M  in 
_J  t-  t-< 
(^  Of  o 
UJ  2 
•  3» 


in 


.  CD  ■ 


Of     LnO^<i)*HOOOO< 

4       j-foininooooc 
cr^coiDoooot 

Z  (M     •      • 

o       T^orooocT^ot 
M       pj  J-  (T  in 

u 


o^iH<o(rainrororooo 
o^in<£inco<H<co^rs.ro^co 
«<3-t£(\j<j'oinr>w^inroa 


in  <r 

I    ^   CO 


o  u.  X   I 
•       3  (/)  ; 

a  h-  X  UJ 
a:  X 
o  o 

LO  t 


•  r»j  M 

<   2  II 

z  o  a: 

«x  ro  Of  0^  w 

>    •  I-  >  X 

■to  X  u  o 

X  J  X  ar  Q. 


I  3  u  » 
I  O  <Z  I 
'   X   U.  < 


a  O   13  Z   2 

2  3  t-  o  •-*  a  UJ 


•  0^  Of       q:  Of  M 


1  I-   2  ( 
<  4   O  l 


UJ  o 
X  CO 


-      >   I    I     >-  UJ 
<   «X   lS  O  <   X 

_i  _i  HH  o;  _i 


U  UJ  M 
UJ  3  Of  lO 
a  C3f  O   V 


X  Of  J  o 

l-H    >-     (      X 

^   O  U.   UJ 


fO  (T 
^  CO 


I  CNJ  (T 
I    II      • 

^   CO 


^  <o 


I      I      I      I      I      I 


I      I      I      I      I      I      I 


CO 


CO 


crt 


CO 


(/)  UJ 

Q.  -J 

o  o 

X  2 


<S  UJ 
X   ^ 


CO  CO 
I-  C0O22_JI  «I>v 

xztoo_j>-4i-t      t-  a  f/i 

OMCn^         4420Qf 
M         O  •0002UJ         U-U, 

UJ>_«2U.  *HUJ3         OO 

X<I  OUJ     •     •t/IOrOCD 

^uji-Hcr»-»-(/i^aoz2 

_JUJ>K  ZZtHtn  OO 

•X04aO<X<X  -I2I-IM 

3  XQf2  COOtfl-H^K- 

t-uj       o3Qra;2^z      OO 

afx>-cio»-><ujoz<< 

i-l(-l^CDttXOek;MMXQ:v 

>»-tO«lOXQf^U.   tOinu.   U. 


a>  o 


O  (T 

>-  <  o 

O  X     • 


_l  J- 

<  o 
o  nJ 


I    I    I    I    I    I    I    I    I    I 


UJ  «D 

(/I  UJ 

X  ^ 

a  -1 

Q.     • 

o  o 

00  S- 

X  2 

oro 

< 

X  -^ 

U. 

t-   1 

o  u. 

<i 

u. 

a-  o 

UJ 

UJ    1 

l/l 

<S  UJ 

X  :^ 

o 

3  «i 

)  O  2  Z  _l  I 
)  _l  M  M  ►- 
I         <  <  Z  O  Of 

•  O  O  O  Z  UJ 


O  (/) 


:  >-  (/I 

4  ^  CD 

■  m  <z 


u-  U-  >-  o 

_  .  . O  O  h-  « 

UJ>*(/1ElfO(Q  MtL 

o;*-i-w»-ao2Zj 

ZZ»HtO  OOt-ibJ 

0<I<XX         _J2i-t)-(CDO 
Z  (/)0<XtHI-l-4*H 

130^0^2-12         OUl-l> 

oi-=><ujoz<<-iaf 

afxoof)-<t-iN.ofOfujuj 

OXOft-U-t/ltOU.U-O'W 


48 


b.  u.  CO 
b.  u.  • 
o  oa 


(j>i/va)iAooooooocj 

r>. 

1-4  r^ 

o 

asj-vDftjooooocsoo 

• 

'     • 

= 

K}0N.O00C30C3OOO 

N.    ^ 

^    J-    (T»   U^ 

V  xC 

_j 

u. 

-) 

< 

a 

U 

t/»  X 

UJ 

rj 

fA 

«  r>. 

oj'<-«»oeaoeooo 

UJ 

II     • 

o^ir<£ir>aooooooo 

»-* 

z 

^  ^c 

tfj^^rjoooooeeo 

q:  z  «  o 


(/) 

I/) 

• 

Q£ 

X 

o 

ir>  UJ 

«) 

00 

(NJ 

rvi  a. 

3 

X 

^D 

o  o 

»-* 

a 

rv 

1    O" 

« 

o 

J- 

(T 

UJ 

tn 

o 

-J 

^  UJ 

tO  J*  o  ro  c 
n  J-  ,i)  tr  < 
flC  f-l   J-  sD  c 


[    t-4   S    ^    y    Ph 


o  on  tD  « 

UN    (\J  U.    UJ     II       • 


CM  UJ 

--*      a  u>  £r  ^o  »H  < 

<  J-  fo  ■J^  IT  < 

II  (T  ^  «X3  ^C   < 

r  rj    •  .  .    . 

h-         o  ^  O  fO  o  < 

D         t-4  r\J  -T  CT*  1^ 


I    I    I    I    I 


I  IT 


:  o 


0%  ^^ 
<o  o 

O  1 

in 

«4  O 


'r4    O  Z  _l      t 

X  *-«  <X    II 

I    t-i  Q.  (_>  UJ 

2  O  H-t  Ifl 

2  t-«  _J  K-  »-• 

«H  X  I/)  a  o 


e^  •-tco(T'*-4l^l•,c^^-u^l 
J-  ^  c»>  l^  K.  J- 


o 

u. 

X 

II 

. 

r  I 

-J 

in 

it: 

<r 

UJ  z 

T- 

:d  « 

a  X 

ax 

O   <J 

in  *-t 

{^ 

ffi   UJ 

*o 

u.  u 

■a  X 

II 

• 

»-H 

~ 

rj 

r* 

p^  h^ 

m 

oJfOinwJfCoooo 

»o  in  ^ 

u. 

IP 

« 

o 

^   1     t    J-       r^  r> 

<£>   D 

(NJ 

— <       ^ 

vfi  -» 

.•  ° 

Kj  < 

« 

^ 

fsj  cr 

rg 

vr(r\o^in<M^(r(Nj»Ho 

(\j 

<o 

o  a 

fj 

rjJ-^^croiocoo'^CsCica 

1)    UJ 

o 

>£>  vO 

o 

m-^oi*>ro(\ifooooo 

« 

•r^ 

V    «I  o 

N 

«-l 

O  X     • 

Z     1    IV 

U)   Z  J- 

ro 

v4 

-t  « 

in 

^h-(r«o-4Ke(rin^o 

tn 

UJ 

rj 

e 

f^ 

in  in 

«D 

<roAinar>N>(r(rooe 

UJ 

J- 

-»■ 

J-  fo 

M 

ro«)oh>v4^0^ooeo 

I     I     I     I 


o 

o 

UJ 

Uv 

J. 

N- 

^ 

P^ 

O 

C3 

CVJ 

^ 

fO 

^ 

in 

(T 

^ 

^ 

^ 

fv 

m 

• 

O 

O 

r^ 

cr  n 

in 

IT 

nj 

rvi 

o 

a 

J- 

fO 

N. 

in 

m 

fO 

o 

O  rj 

(T- 

^ 

^-t 

1 

J' 

4  ro  c^  Of  uj 

>  •  »-  >  X 

<  O  X  u  o 

X  ^  X  of  Q. 


< 

0^  o 

X  X  >-  o 

■> 

>-  O  l/l 

in 

X 

\n  a  ¥-* 

O  <t  O  "-I 

t-i 

U  ►-I  o 

K 

o 

o:  t-  1- 

t-   X  2  »- 

UJ 

Z  I ( 

a: 

u 

3   O    M 

t-  U,  UJ  »-< 

o 

UJ  »-i 

^ 

O 

Li. 

o  -a  a 

o      3  q; 

UJ 

3  a:  m 

,.4 

I  u.  u 

m  U.  C3  L>  z 

(X. 

oo  > 

UJ  UJ 

Q  UJ 

O  UJ         < 

UJ       in 

tj  a 

3   2 

Z      <  Of 

a       a  q;  >-t 

q;  q: 

2   -) 

I-  O 

i-<  a  UJ 

UJ  ►-  U.  UJ  o 

«I 

U.  UJ  (/I 

o 

►H   «I 

or  J- 

>   X     1     >-  UJ 

1  >  tn 

II 

V-   »-« 

O  X 

UJ  o  <I 

«l  o  O  <  X 

UJ 

O  <X   UJ 

V 

^ 

in  •- 

z  o 

X  m  _i 

J  f-*  Of  -1 

X 

(K  -(  o 

O  UJ 

t--  tn  1 

1  UJ  V   1   m 

*-* 

>-     1      X 

o  ~l 

-1  o 

"-   «T   UJ 

U.   T  O  U-   UJ 

^ 

U  U.   lU 

in  o  z  z  -i  X 


Q._ilZino_it-tM       t-            Qin       <t 

X 

w 

Q._iiztno-ji-ii-«       t-            Din       < 

OOOi-iin_l         «»«I20Qf                             CD 

Q. 

000>-iin_i         44ZO0;                             o 

XZ»-t         O            •OUOZUJ         U-U.>-0 

tn 

XZH-t         O           -tJOOZUJ         u.u.>o 

<UJ>-(ZU.                i-«UiX         OOl-K 

o 

in 

<UJ>-_IZU.                t-<UJX         00»-QC 

u.       x<[       ouj>>inQ;oa3            t-to. 

X 

rH 

u.       x«x       ouj**(nQfoco           t-io. 

ou-       _iUJMQ!rt-»-ini-aozz_j 

ou.          -JUJt-<Q;(-i-ini-Q.Q22_( 

u-_iuj>i-       zzi-tin           oo»-<uj 

U-_iuj>»-       2Zi-i(n            ooi-tuj 

Q^O<lO«XlQ««IX          _lZi-<t-taJO 

UJI3          xaZ                (flO<X(-l-t-<l-. 

UJ 

uii=>       xq:z           ino<(-iK»-<xM 

ajuit-uj       o3a^a;z_iz       OL>t-«> 

m 

xi^o;x>-inoi->«ujoz«i<i_(a 

l-H 

Xi^0i;x>-(no»~><ujo2«<_iQ: 

34Mh-«^a}QfXOQfMt-<v,Qfa;ujUJ 

o 

3«iMi-ii^cDce'xoart-tt-.va'aujuj 

2»">»-in<L3xo?»~ti-(ntnu    u-orin 

zi~>^-tn«iL5x«»_u.tntnu  ii.ain 

(T  in  li)  in  o  ( 
n  .f  vO  (^J  o  < 


b.  b.  to 

u.  u.    • 
o  o  c 


*-t  ro  I  »- 

z 

Z      in  uj 

(/>         W  «  4  O 

w  10    •  a 

w  I  j^  o  in  UJ 

»-  «  lo  <\J  nj  a 

3        UJ  •  ■ 

X         UJ  >£  ^  ^ 

•-I      a  h-  1  (T 

fsj  «  O 

^   4  (T  UJ  II 

in        •  o  _j  -1  UJ 


I    ^    r-l   00    O   O    O    < 

>  in  vO  in  o  o  o  ( 

>  J"    ^U  CM    CJ   O   C5    < 


>i)  J-  o  r>o  o  < 
w  -»  vo  <r  o  < 

<D  fO   ^  hC  O  ( 


t\j  in  J-  o 

•     •     •     •         \C 

1-1  V  o  o  a^  J' 


_j  u.  3 
4  CL  (O 
O  (/)  X  UJ         K 


o  o 

q:  X  in  o  <& 

UJ  »-  ro  o  r^  J' 

>■    I     •  •  II     • 

4  i-H  K  o  ^  .D 


UJ  t/1 

O  (O  vD  (T« 

*-l  in  U.  UJ    II  • 

o  4                ^  ^ 


_l  J-  Q 
O  •  O 
Of  «   X 


I    I    I    I    I 


QC  ro  X 
^  -^    I 

2  -H  U- 


t^  {/)  -i  I 


I  O*  (T>  (O  O  < 


U         J^  O  X   X  U) 

•  nj  2 

O  O     •  4  >         <0 

-^  _i  in  J- 

o  o  X  o        <H 

O  ^  3  Z  -J    I 

X  1-4  4    II 

-  I  i-t  a.  u  UJ 

Of       z  o  »-« tn 

<r  UJ  2  •-«  _j »-  ►-« 

40  O  v^  X  (/)  Qt  O 

O"   -t  ^  UJ  Z 

^  3     •  •  > 

O  O  Z         N 

•  (S  ^  Of         X 

tn  ui      z 

»*  o  ►- 


1-4  Of  inT^tO'^CS^OC 

4       j-Minin^ooc 

II                     (T^^A^ooot 
2   fvj     •     • 

r>      i-<       nj  J-  (T  in 


a*  in  \C  in  «  *H  ^  . 

«>    <r    %C  (\i   J-    C3   (Vi   ( 


«  <r  in  in  I 

f\J   O  ^-1 


0.  I-  r  I 

Of  X 

o  o 

(O  t-» 

(D  UJ 

4  X 


2    I    rvi 

UJ  Z  kD 
13  4   -H 

axil 


O   ^  I 
4      • 


>-   4  O 

O   X  • 

2  I  fv 
UJ  2  .7 

3  4  --• 

cr  X  I  t 


fVJ 

• 
1 

tO  e 
in 

"^ 

o 

^ 

o 

J- 

t\l 

«c 

nj 

;:: 

a 
o 

in 
(\j 

o 

J- 

o 

° 

° 

o 

(O 


i/y 


4  K}  Of  or  UJ 

>     •  »-  >  X 

4  O  Z  U  O 

I  *  X  Of  Q. 


2  O 

;  o  UJ 

I  -t  o 


(         Of  O  X  X  >-  o 
J(/)0»-«040t-t 

Of  ►-»-»-  X  2  »- 
)3t)»-»>-U.UJt-t 
4  O  4   QC  O         3  Of 

•  X  u.  u  CD  b.  o  u  : 

J  O  bJ        • 

c  z    •  Of  o:       q;  Of  • 

9>-«aUJUJ»-U.bJ( 

I      a  >-  V  X  t  >-  I 

-   UJ   O  4   4   O  O  4   : 

X  m  _i  _j  I-t  Qc  _» 

l-i  (Q     I      t     UJ  >-     I    I 
•-  4  bJ  U.  X  O  b.  I 


O  UJ  >-«        ^ 

<r 

Ui   3  Of  t/> 

Of  O  U   V 

UJ      in 

»-  or  Of 

UN 

4  b.  UJ  tn  o 

O 

1     >-   lO    II 

UJ  O  4   UJ   ^ 

o 

X   Of  ^  U 

v4 

«    >-     1     X 

*-  O  b.  UJ 

t/)   UJ  »- 

a  _j  I  z  (o 

o  o  o  f*  in 

X   Z  »-i        o 

4  UJ  >-   _J 

b.  X  4 
Ob.  -I  UJ 

b.  _J  UJ   > 

Of   O  4  O  4 

bJ    I  3         7 

O  UJ  »-  UJ 

Z  ^  Of  z  >- 

3  4  M  t-<  V 

2   »-  >  »-  (O 


in  to  o 

t0022-lX  4N.         CD 

o_j»-«»-t       *-  otn       4 

_J         4   4   Z  O  Of  (B 

•  OOOZbJ         U.b.>-0 

21*.  t-tujz       oo»-or 

ouj**(/tafoeD  t-ia 

•-'ar»-t-int-ao22_i 

»-  22i-«tn  OOt-it^ 

a044Z  _iZi-ti-iCDO 

QfZ  tnD4»-«H-»-4»-< 

03a:af2-t2      uu>--'> 

tOO>-    >4UJ0244-Jtt 

(pofztjaf>-it-«vQfa;ujuj 
4oxaf»-i4.toioi4.u  Qfin 


to 


to 


i/i 


(/) 


__         lO  to 

tnuji-  io022^x  4N^       m 

a-iX2ino_j>-*»-<      »-  oto      4 

000*^t0_l         442O0f  OB 

X2i->         O  •OOOZUJ         b.U.>-0 

«UJ>--lZU.  I-IUJZ         OO^Of 

U.  X4         OUJ->tOQfOGD  i-iCL 

Ob.  _|UJ»-<Qf»->-tO»-a022_j 

b._jUJ>»-  22I-IIO  OOI-IUJ 

QC-0404a044Z  ^Z*-ii-<a)U 
UII3         ZttZ  IOO«i-i^»-4M 

oujH-bi  o3af(rZ-i2  uu>-«> 
x^afx>-ioo^>4t«joz44^ac 
3«i-iM)faiafxuQC>-«i-iN^QfQfujbi 

2»-   >»-t040xat'^b.tO(OU.    b.Qft/f 


49 


U.  U.  (/) 
U.  li.  • 
O  O  C5 


^         4  <Z  U 


:      ui  »i)  o 
t  <r  ui 


■1-  O  X   X  \D 
•  (M  Z  • 

)     *  4  >         «> 


o  J*  ^  00  a  < 
0>  Lr>  \0  IT  o  < 
OO  J*  «0  (M  O  ( 


I  o  ^  o  o  o 


vD  ^  o  ro  ( 
ro  ^  U)  (T  * 

•  m  J-  tD  ( 


^£>  J-  C3  J- 


^        Q£  l;^  (T  03  ^  o 

<  ^  n  in  ITi  o 

It  (T  ^  «  vO  O 

2  PJ 


o  ^  o  ^  o  e  < 


J^  J-  (T  ITN  fO  ro 


)  in  o  (T  J- 

>  <-t         II      • 


-J        U.  3 
O  (/I  X  UJ 


M  Z  ^  (T 

Of  ^ 

u  u 

O:   X  vD  O         N. 

lU  h-  *-<  O  h^  « 

>-  I     •   •  II    • 

4   M  M  O  i£   (T 

-J  X   H 
I    UJ 

UJ  to 

t-  _J         y£> 
O  (/)  <i)  ir> 

J-  ro  u.  UJ  II     • 

r^  CO  ^  o 


-J  iH  UJ 

^  «  o 

o  •  o 

«  «  X 

»-  U)  I 

Z  -»^  U- 

O  I  UJ  o    I     I 


tn  3 
•  a 


I    I    I    I    I    I 


I  :^  -H       -^ 


t-  X 

fo 

o 

o  u. 

^ 

O 

< 

lf» 

>-  < 

u.  u. 

J.  <r 

U  X 

o 

u. 

X 

Z    1 

=>  Crt  iC  -H 

UJ  z 

Q.   1- 

X 

UJ 

■H 

3  < 

a  I 

CJX 

o  o 

UJ 

(rt  M 

J- 

0^ 

CO  UJ 

to  iD 

u.  u 

<X   X 

II      • 
^  CVJ 

■»-4 

1-4 

o 

<o  J-  m 

o 

<x 

<r  IT* 

LA  N. 

-1 

I    I    t    I    I    I    I 


I    I    I    I    I    I    I    I    I    I    I    I    I    I 


M  to 

_J  (^  UJ 
^  tC  o 

o   •  o 

ftr  h-  X 


I    I    I    I    I 


>  o  •    a  o   I    I 


t£  (/I  O  U. 


II    UJ 

a  o^ 

>  4  e 

o  X  • 

2  I  f^ 

Ul  z  ^ 

3  <  -<        ( 
0  X  I    to 


I     I     I     I     I 


UJ 


ij-poArooomcr-th^et 


^  «-t  ^.  ^  (\j  ro 


U  o  u 
•a    • 

<z  o 

J       irtT-iN.T4Cdoonjirtc\jUNtr(rooo 
'v-ta^omnoooaotCMttwcrooo 

\no^roojao(MOT4tr(\jooao 
(T        O  (A        <H    1    tt  r>o  J-    1 

o      n  m  ^ 
•  a       o  o  M 


<  n      Of  of  I 


UJ  UJ  t 

u  o  : 

2  3  t 


I  O  X 

■  z  o 

;  o  uj 


Q^  U  X  X  >-  O 

1  O  l-t  O  «I  O  tH 
i  *-  t-  K  X  Z  H- 
J  O  •-«  »-  U.  UJ  M 

3  4  0^  O        3  Q£ 

cu.uaiu.aroz 
o  UJ       a 

-<a.uiUj»-u.iiJo 
a  >-  >-  X  I  >-  UJ 

JO<4lAO<X 

:  (/)  -I  J  M  Of  -I 

4  CD    I      t    UJ  >     I     (/) 
-<IUJU.XOU-UJ 


UJ  4  (/) 

>  V  o  to  w 

M  u  »-t  o  t4  e 

UJ  Z  I-  ^  II      • 

u  UJ  t-t  i^  J- 

UJ  3  0£  to  ^ 

o;  OtJ  V 
UJ       to 

I-  Ko;  ^ 

<  u.  UJ  (/)  o  ^- 

I  >  (/>  II    • 

UJ  O  <  UJ  ^  4- 

X  q;  -JO  ^ 

M  >-     I     X 

H-  LA  U.  UJ 


(O 

X       to 

to  UJ  I-  (O 

a  -I  X  z  to  o 

O  O  U  i-1  (O  _J 

X    Z   H4  O 

4  UJ  >  ^  Z 

u.       3: 4 

O  U.         J 

U.  -I  UI  >  »- 

Of  O  4  a  4  0. 

UJ    I  3        3  Of 

O)  UJ  I-  UJ        o 

£  ^  Q^X  >  to 

3  4  t-l  M  ^  (D 

Z  I-  >  K  to  4 


O  Z  Z  U  X 


I  Z  UJ        U.  u  >-  o 


M  oi:  f-  I-  to  I-  t 


o  o  t 
I  > 

I  Z  2  . 
o  o  » 


t004t-t»-t-4M 


OfZ  . 
>  4  I 
U  Of  » 
Oil-  I 


I  tj  z  • 

I  l-t  N.  ( 
to  t/l  1 


ffi  o 
4  M 


I  X  z  to  ( 
>  O  M  (O  . 

:  *-*      o 


Of  O  4  O  4  CL 

u>  I  3      z  a; 

CD  UJ  ^  UJ         O 

X  ^  Of  X  >  (O 

3  4  M  M  ^  m 

Z  »-  >  >-  CO  4 


4  4  z  <j>  q; 


Of  »-  K 

z  z 

O  4  4 
Z  t 

3  Q^Qf  : 
O  K  >  < 
Of  X  O  ( 
id  X  Of » 


to  Of 
(/)  >- 

»-t  (O 


u.  u.  >-  o 

Z  O  O  I-  Of 

O  CD              *-*  Q. 

O.  O  Z  2  _l 

O  O  M  w 

J  Z  MM  03  U 

4  M  H  H-  4  tH 

z  O  U  M  > 


cr  in  li)  m  < 


U  U.  (O 

u.  u    • 
o  o  cr 


(vj  vH  ro  e  (T  in 

•  -H  II      • 


O   ^   ^  CO  O  ( 

(T  in  tO  in  o  ( 
tt  J-  iD  nj  o  < 


l_t 

to 

J 

in 

UJ 

_J 

-H 

o 

o 

n 

of  ro  X 

t- 

xO 

1 

I    I    I    I    I    I    I    I 


I    I    I    I    I 


U  N-  UJ 
-I  lO  O 
O  •  O 
Of  K  X 

t-  J-  I 

z  -^  u. 


I    I    I    I    I    I 


t    t    I    I    I 


I    I    I    I    I 


C/) 

^ 

4  4  O 

t/: 

(O 

Of 

X 

^ 

in  UJ 

(D  (O 

w 

(M  0. 

3 

UJ 

Z 

UJ  iO 

M 

Of  1^ 

1  <r 

IM 

«o 

J- 

4 

<r  UJ 

II 

in  o  'T-t  9«  4 

vD  J-  o  J' 


>-     I      •     •    II  • 

4  l-l  (T  O  ^  « 
^   X 
I     UJ 

UJ  (/) 

t-  J  • 

o  (o  o)  ro 

O  h^  U.  Ut    II  • 

in  J-           i<:  (T» 


:  Q  o  o  w  ro  . 


I    f    I    I    I    I 


I    I    I    I    t    I    I 


in  to  ■. 

r^  3 


I    I    I    I 


«Hr<j^ro«-*(ucvi«ttroN.(roo( 
h-u3«-t«4inrot    iT4«o«fo 

(VJ  T4  (U      I       ^4      I 


J-O  X  X  O) 


o 

♦H 

3 

z 

-1  1 

X 

M 

4    II 

• 

1 

0.  U  UJ 

Oi 

z 

o 

M  trt 

<r 

UJ 

z 

IH 

-1 

^ 

a 

•H 

X  (O  QC  O 

0* 

UJ  Z 

3 

> 

O 

a 

-r 

Nl 

Ol 

J" 

Of 

X 

in  (T 

0)^00000000 

Of  X  (^  O  V  o 

^ 

J-  ro 

ininoooooooo 

O  4     -     •         ^ 

<r  -* 

ce^oooooooe 

1-  X  ^  o 
O   U  'H 

II   UJ 
O  CO 

>-  4  in 

1-1  o 

loeoeooeooe 

pj  4- 

o^  in 

Li.   U                ^  \0 

ox    . 

ro 

O  U  X    II      • 

z  t  fo 

•         3  (rt  S^  O 

UJ  Z  tO 

a    1-  X   UJ           r4 

3  4-4 

Of  X 

OX    1 

o  o 

UJ 

o  J- 

T4«(r(\j«D4'J-r>-«co 

to  M                      M 

Of 

<r  in 

^incooNintviroMo 

s  UI           ro  CVJ 

u  o 

«  j- 

sDN^inroK^invDo 

4   X                II      • 

M 

r-  f^ 

O  o 

ro  o 

K0U30CJ(\J.^<HtA0 

J-  J- 

(Tin              in  ro 

«  ^  ro  o 

*    > 

(Nj  ro 

{P  in  o}  o 

^  « 

I    I    I    t    I    I    I    I    I    I 


in(vjOi-t««-4«4^i>«ii}a)oc 
«£)vD«-i*4n(vji    icoroin-H 


>  <H  in  o  r^  o  e  ( 
r*  CVJ  J- 

»4    I     tH 


in  o  ^  ro  in  ( 


■H    I    kO  *4  fO  -^ 


to 


(O 


po  ro  i^ 
o  O  CM 


4  ro  Of  o;  UJ 

>     •  h-   >  X 

4   O  X  O  O 

I  ^  X  or  a 


4        Of  o  X  X  >-  o 
X  _j(/)0»-t040l-l 

o  o;>-t-t-rzi- 

Of  U3UIH»-U.UJM 

u  tHO<afo      30f 

uji-xu.o(Du.croz 

UJ  UJ  O  UJ  O  UJ         4 

0032Z  •OfOf  QfOTM 
Z3l'OMQ.UJUJI-U.UJO 
4»-M4  Qf>->-XI>-UJ 
I-I-IOXUJ044004X 
t0t-ZOX(0_j-JlH0f_i 
M40UJMffil  IUI>-ltO 
OU-JO»-4UJUX(JUUJ 


UJ         4   (O 

Of 

X          (O  (O                O                      >-   2         ^ 

Of 

UI  CM 

louit-          (oo2Z_ix          4N.      m 

M  O  •-•  O  -H  J- 

X 

&JXZtOOJMM         1-                0(0         4 

I  PO 

UJ   Z  »-  J    II      • 

0. 

OOOM{0_f         44200^                            (D 

Q.     • 

O   UJ  l-H           ^  CVJ 

w 

« 

XZM        O          -OOOZUJ        uu>-o 

(O  *D 

UJ   3  Of  (O         W 

o 

(D 

4UJ>-^ZU                MUJZ         00»-Qf 

o  m 

Of  Oo  >- 

X 

wi 

U.         X4         O  UJ     •     •  to  Of  O  (D                M  0. 

X  rH 

UJ       to 

Oil.         -lUJMOfl—  (-(01-0.022^ 

*~  1 

1-  oro;          h- 

4 

U-tUJ>l-          2Zm(0                OOMUJ 

4 

4  u  UJ  to  o  e 

1 

ar0404Q.a44X          _jZMIHaSO 

1 

1    >-  to    II      . 

UJI3        X0C2              (004MI-I-4I-I 

UJ  o  4  UJ  ^  ro 

(O 

m  UI  1-  UJ         03aQf2_J2        O  O  t-t  * 

to 

X  «  _l  o        ^ 

X^(kfX>(00»->4UJidZ44_jaf 

»H 

l-l    V     1     X 

o 

3<H(MV(DQfXO0fi-ii-t>.afQ£UJUJ 

o 

t-   OU.  UI 

z 

2l->t-t040XQ;t-U(0(OU.U(»f(0 

z 

(O 


to 


(O  (O 
tOUlf-  tOOZZ_lX  4N. 

a.-ixz(oo^MiH      (-  oto 

OOldM(OJ         44ZC9Qf 
XZM         O  •OOOZbJ         U.U 

4UJ>-^ZU  MUJZ  OO 

U.         X4         OUJ**tOOfO(D 

ou.      _iujMOft->-(o»-a.oz2 

U.-JUJ>H-  ZZMtO  OO 

QfO4O40.O44X  JZMM 
UJt3         XQfZ  t/)04t-lh-f- 

cnUJMUJ  03QfQfZ.jZ  OO 
X^OfX>-(00»->4UiOZ44 
34MIH^OafXOQfMMXQf(K 

z»->»-(/>40xor»-u(nt/)uu 


V  o 
>-  Of 
MO. 


50 


oJ-H«!oooooaoc3 

<o  <\J  J-  o 

O^lT^Diroaoooooo 

l/\   K    «    C3 

mjkD(\JC30aOOOOC3 

ro  ^  J)  o  cr 

rooi^oooocacaooo 

J-  J'  <r  a> 

^               i£ 

«U 

_J         U.   3 

«<       a  (/I 

>    •        u.  u.    • 
to       o  o  o 


O   ^    v4  OD    O  ^  O  I 

7>  IT  •£  irv  ^  o  o  < 

«  J-  i£  r\j  CI  o  o  I 


t     I     I     I     I     I     I 


J'   J-   (T  IT 


1(111 


'   vD  CT  O  ^  ^  O  ( 


J  r  ^ 

^ 

u. 

v0   J- 

1     UJ 
UJ    \fi 

Ll. 

t/1 

h- 

o 

O         (T-  ^0 

\j  r-  u. 

H      • 

I  D 

o 

O  CJ  vD  ^ 

■^  J- 

•^   LTV 

X   UJ 

o 

r        •    * 

1            CM   «0 

^    IV. 

<r  »/) 

u^       in  ir> 

lA 

sfi  u 

J- 

I 

O 

o 

O 

z 

1^ 

° 

r 

sD 

a 

<D 

13 

vD 

-J 

z 

z 

_J 

o 

u 

. 

J- 

z 

I 

X 

tC 

e 

o 

> 

«o 

U^ 

o 

i: 

o 

o 

«H 

3 

X 

z 

l-t 

■a 

,', 

a 

o 

w 

2 

o 

00 

z 

O} 

o 

tH 

r  (/^  Q£  o 

U' 

_l 

<H 

UJ 

z 

J-  «  I 
<r  J-  < 


Z  c\j 

O         ^  o  I 


flO  -J  ■ 


o  «i 
>-  X  I 


Z  I  (NJ 
LU  Z  t£ 
3  <l  W 
C3  X     I     ( 


t      I      I      t      I      I      I      I 


I  -.^  s:  <o  r^  tC  o  < 


■  CO  (T  lA  Lft  <r 


■  r>  cr  o  o  rj  f 


CO  vD  a*  o  < 

lf\  N.   cu 

I    -*    I 


<  ro  Of  of  UJ 
>    •  t-  >  X 

<  o  zoo 
X  ^  K  o;a 


«a       q;  a  X  X  >  o 

•> 

>-  a  (>^ 

N. 

r 

_j*/10>-<0-iO»-" 

^H 

O  M  o 

T-«     T^ 

o 

Of  1-  1-  »-   X  Z  t- 

UJ 

Z  (-   _l 

a 

O^Ut-it-li-UJt-t 

o 

UJ   l-H 

^  U> 

u> 

i~t  o  <t  a:  o      o  a 

UJ 

3  q;  (/I 

ujt-xii.oixiu.c3az 

u 

ao  > 

UJ  liJ 

O  UJ                             O  UJ         «I 

UJ           l/l 

(J  Q 

32Z    .aa       aori-i 

\— 

a:  Qi. 

h- 

Z   3 

O   *H 

■a  >- 

*H<       Q!r>->xi>-uj 

1   3-  tn 

O^UJO<I-l>JO«IX 

UJ 

O   <X    UJ 

y  lA 

(fl  1- 

zozco_j_iMa-j 

r 

o:  _j  o 

o  UJ  iH  m   1    1   UJ  >>   1   1/1 

>-     1      X 

O  _J 

_i(j<-«ruju  XOU.UJ 

»- 

(J  U-  tu 

o; 

r       w  to           o 

UJ  1^ 

WUJI-                V)OZ2_(X 

I  •£> 

a_jiz(/>o— Jt-ti-i       t- 

a    • 

ooot-*to_j       «i<izoo: 

00  ^c 

XZt-»          O            .OOOZUJ 

o  r- 

<IUJ>-_JZU.                »-tUJI 

X    «-! 

U>          I<          OUJ'-OOQ^O 

1-   1 

ou.       _iujMo;i-t-t/ii-a 

< 

U._JUJ>»~          Z2i-tt/) 

1 

q;o«o<iq-D«i<ix       _i 

UJI3       :kq;z           ioo<z 

(/) 

(SUJI—  UJ         O^O^OfZ-lZ 

M 

zi^o;r>-ooot->«xujo 

o 

z><t>-i(-iita)aroaft-i»-< 

z 

2k-r»t-[/>«lL9XQr»-U.t/> 

I  o  i-«  :> 
:  cT  _i  a 
'  a:  UJ  UJ 

L.   Of  (/I 


CO  IT 
o  N. 
Z  -H 


a 

_i 

x 

Z 

(/) 

o 

_) 

i-« 

^ 

^ 

o 

00 

4 

z 

10 

n 

m 

T 

■7 

n 

o 

o 

n 

r 

UJ 

u. 

u. 

> 

o 

4 

UJ 

> 

_j 

z 

u. 

t-< 

UJ 

X 

o 

o 

^ 

Of 

T 

o 

00 

or 

o 

Ol 

>-• 

O 

^-t 

fV 

w 

a 

n 

z 

u 

z 

z 

in 

o 

«i 

a 

X 

z 

^H 

m 

o 

Ti 

1 

q: 

z 

IH 

< 

m 

UJ 

u 

o 

D 

or 

q; 

z 

z 

o 

o 

»H 

r 

V 

0£. 

X 

00 

o 

•> 

UJ 

o 

z 

«I 

-J 

-1 

<I 

M 

^ 

m 

q:  z 

(.■> 

or 

^4 

"S. 

ct 

OL 

UJ 

Ul 

z 

t- 

> 

t- 

to 

< 

o 

X 

oc 

1- 

u. 

to 

tr. 

u. 

u. 

v 

00 

O  >£  J>   o 


X  « 

• 

V  (SJ 

o 

<-« 

J- 

M  N    M 

«  «I  z 

V 

(\J 

U-  U  (/> 

00     • 

U.  b.     • 

UJ  o 

O  O  O 

-1  o 

u: 

IH   -O 

o  o  a.' 

z 

UN  O 

ro    1    »- 

J 

u 

~i 

0. 

00 

O 

(f 

I 

Ul 

^ 

M 

00 

« 

h' 

U-- 

M 

T 

V 

<r 

fy 

V 

o 

o 

a; 

X  f^ 

o 

N. 

UJ 

*- 

tr 

o 

K 

■J 

,-4 

to 

«£ 

Q 

o 

or 

Z 

iC 

1 

7- 

u_ 

O 

1 

Ul 

M  V^ 

^1^-  UJ 

-J  >i}  o 

o   •  o 

o:  ^^  t: 


*  fO   O    i^   o 


*o  ^  O  M  t 
ro  4-  ^D  (T  1 

<0   to    -^   v£    ( 


O  00  «^  {\J 
U>   *-t  U    UJ     11       ■ 


I    I    I    I 


IT   O'  ■*>*-•  ( 

J'  fo  tr  in  ( 
<r  J'  00  \D  < 


o 

T 

0) 

z 

*" 

^ 

J- 

T 

o 

=> 

z 

-J 

1 

z 

K4 

< 

»H 

a 

o 

z 

o 

►H 

l/l 

»H 

z 

00 

QC 
UJ 

o 

z 

z 

^^l 

>  o  a  O  c 

>  C>  O  O  ( 


(TtAJJinajj-oinMro^Ht 
co■^^£C^JJ'  (rrovain(\'i 


.»  J-  (T>  ir 


m  (J* 

^  a   »     • 

o:  X  o  o  V  -H 

O  <«  •  •         *-l 

►-  X  J'  o 

O  U-  ^ 

<  hi. 

U.  U.  ■J'  ^ 

O  U  Z    II      • 

•  3  C/>    ir    fNJ 

a  »-  r  Ul       ^ 

tf  X 

o  o 


00  ' 
CD  w 


K  fO 


--too 

O   O 


UJ  z  ^ 

3  <  •-* 
cr  z    I  VI 


<  o 
o  «vj 


I  «  o  m  <7^  .^  sc  < 


>  ro  ^>•  o  o  ao  t£  ( 


«  fw  pj  in  (T  o  < 


inoj-n^.oonjin^^N.< 

CT*         OvC  v4l(T^.}'^0<^ 


»- 

«x 

< 

UJ          <   00 

<« 

ar  o 

z 

X  V  o 

>  V  O  (O 

H 

O   l-H 

o 

«<  o  >-• 

ti  O  It  o 

v4 

tt" 

z  z  ^ 

UJ  Z  •-   -J 

w 

z> 

O  »-" 

U.  UJ  t-« 

O  UJ  )-• 

V 

o 

<  a 

o 

3  a 

UJ  13  Qe  00 

T 

u.  o 

CD 

u.  a  o 

Z 

or  C3  o  >- 

Ul  O  Uj 

O   3  Z 

Z 

.  Of 

a 

Of  a 

»-  or  a 

3  •-  o 

(1    Ul 

t-  U.  UJ 

Q 

a  >- 

X     1     >- 

1     >■   00 

i-t  o  z 

UJ 

o  «« 

o  o  « 

Z 

Ul  O  4   UJ 

ir 

1-  z  o 

z 

lO    _) 

_j 

»-«  Q*  _) 

z  a  -i  o 

4    O  UJ 

ai  t 

00 

■-•   >.     1     X 

J   -1  O 

•- 

«   UJ 

u 

T  O  U. 

UJ 

»-   O  U   UJ 

OOUIt-  tOOZZ-J 

a  _ixrtoo_(>-i^.i 

000*-«(/)^         44Z 

-        •  u  o  o 


I  r  t-< 


o  u. 


I  < 


O  UJ    •    •  to 

I   l-H   Of    ►-    t-    in 

.^-tUJ>>-  Z2i-» 

Qro<o<aa4<z 

UJ     I     3  X   K  Z  00 

aiuj»-uj  o^ofofZ 
zvQ:z>-too»->< 
D4i-*»-i^a)a£zoor 

Z>->»-lO<t5XQf»- 


>- 

z 

_J 

a 

z       to  to 

O                    J-  z 

_l 

I 

«I 

cs 

00  o  z 

Z   _l  X                4    V. 

ffi 

o 

00 

< 

I 

« 

0.   ^  X 

Z  00  o   _/  »-« 

"-       t-            o  to 

O  Of 

OD 

a 

o  o  o 

t-»  W   _l         4 

4   Z  O  « 

00 

Z   UJ 

u. 

u.  >- 

o 

to 

I   Z  tH 

o        •  o 

O  O  Z  UJ        u.  u 

>-  o 

UJ   Z 

o 

o  »- 

oc 

o 

r*. 

>-  -1  z  u. 

•-<  UJ  z        o  o 

»-  or 

Of  O  (0 

a 

X 

U          X 

4          O  UJ     • 

•  I/O  Of  O  O) 

I-t  a 

►-0.0 

z 

Z   _J 

t 

o  u. 

»-  00  »-  a  o  z  z 

-1 

to 

o 

O  i-( 

UJ 

< 

U.   -J 

UJ  >  t-       z 

Z  »-.  00              o  o 

I-I  UJ 

^  Z 

i-i  (E 

O 

Of  o  < 

O  <   0.   O  4 

4   Z          _l  Z  >-•  1-4 

OD  O 

o  <  •-• 

»-  « 

UJ    1     =} 

z  a:  z 

UJ         O   5  K 

00  O  4   I-I  *-   1- 

4  >-• 

^  z 

o 

O  <-i 

tn 

(O  UJ  1- 

(k;  z  -1  z       o  o 

•-•  > 

UJ  o  z 

4  -1 

0^ 

z  ^  a: 

Z  >  00  o  ►- 

>  4  UJ  O  Z  4   4 

-jo: 

^4  1-4  X 

Of 

or  UJ 

Ui 

o 

3  ««  •-• 

1-  V   CD  Of  Z 

O  Of  IH  I-)  v  Of  Of 

UJ  \Ai 

U.    (/*  00 

u 

M,  or 

z 

z  »-  > 

»-  tn  «  O  X 

or  t-  u  to  to  b.  u 

or  to 

51 


tM  (1.   li.   CO 

I    •       u.  u.    • 

I  O         O  O  C7 


o  J- 

^ 

OO 

C3 

o 

o 

o 

o 

o 

o 

C3 

o 

in  *^ 

O 

iS 

(T  11% 

^O 

lA 

o 

o 

o 

o 

o 

o 

^ 

o 

«} 

in  « 

e 

Z 

«  J- 

J> 

PJ 

° 

° 

•^ 

o 

° 

*^ 

° 

"^ 

ro 

to  s. 

o 

<r 

o 

_,  O)  UJ 

^. 

o 

o 

o 

o 

vD  -H 

II 

-1  rsj  o 

J-   J- 

m 

in 

V 

kD 

o    •  o 

« 

< 
o 

l-l 

li. 

0. 

W  X 

3 
CO 

liJ 

«5 

o 

o;  w  r 

1-  ^  1 
z  ^  u. 

O    (    UJ 

o 

o  J- 

v4 

CD 

o 

o 

UJ 

tl 

tr  IT 

vC 

in 

o 

o 

^ 

o 

o 

o 

o 

^ 

t-t 

z 

V 

vD 

(O   J- 

<£ 

CM 

° 

o 

° 

° 

° 

o 

o 

o 

o 

o 

•^ 

o  r*- 

ro  o 

K 

o 

o 

o 

o 

z  in 

J-  J- 

cr  iTi 

K 

I  <r 

o 

(T 

Ui    • 

%D 

UJ 

3 

O 

t-t  o 

U    1 

I    I    I    I    I    I    I 


I    t    I    I    I    I 


1  e  r«.   I     I     I    I     I     I    I    I     I     I    I     I     I 
0»  J- 


I     I     I     I    I     I    I    I    I    I    I     I    I    I     I    I 


I    t     I     I    I     I     I    I    I    I     I     I    I     I    I 


t    I    I     I    I    1     I    I     I     I    I     I    I    I 


t4  3 

O 

•-  CD 

in 

▼4  o 


-* 

o 

in 

UJ 

1 

Ul 

u. 

«i> 

u. 

(O  (/> 

PJ 

CVJ 

Q. 

J> 

O 

o 

o 

o 

a 

o 

o 

o 

UJ 

l/l 

u; 

(/I 

UJ 

00 

UJ 

ro 

•t  \D  a^ 

o 

o 

o 

o 

o 

o 

-J 

<r 

UJ 

UI 

*£» 

o 

« 

to 

J- 

i£> 

o 

o 

o 

o 

o 

o 

o 

o 

tn 

\D  o 

o 

in 

o 

o 

Of 

h* 

1 

<r 

fO     • 

<r 

fO  U- 

II      • 

X  o 

o 

(\J 

<D 

r^ 

1 

1    1 

1      1      1 

X 

Q 

o 

o 

• 

o 

1 

1 

1 

1 

1       1      1 

1 

1 

1 

1 

1    1 

«  o 

< 

in 

o 

■-1 

(T 

o 

o 

o 

o 

o 

o 

o 

o 

(VJ 

(T 

^  ^i^ 

X  UJ 

o 

X 

■ 

• 

X 

UJ 

o 

X 

• 

• 

<r  u 

>£> 

J- 

o 

J- 

-* 

« 

1 

o 

•  o 

-1 

« 

cr 

r^ 

n  U) 

o 

Lu 

in 

<r 

xC 

00 

C3 

u. 

ro 

X 

o 

t^ 

cr  3 

J- 

vD 

r) 

rs.  o 

«o 

M 

ro 

o^ 

on 

4 

-> 

w 

o 

<x 

in  o 

•  Q 

a 

o 

OO 

UJ 

cr 

II    • 

vO  «t 

cr 

N. 

CO 

J-  o 

to  (^  »0 

1^   (Ji 

r. 

■H 

to 

CM 

(\J 

CM 

J- 

o 

K 

in 

cr 

^D 

o 

o 

o 

o 

o 

CK 

X  o 

o 

^  •!) 

•H 

«-t 

o 

^ 

(D  cr  J- 

\i3 

tD'in 

CP 

ro 

CM 

* 

o 

1 

t      t      1 

1 

1 

t    1 

CM 

1 

X 

< 

J-  w  in 

in 

o 

o 

o 

o 

o 

o 

•-« 

UJ 

m       II 

cr 

J- 

• 

^o 

C3 

O 

o 

X  ^ 

II    UJ 

<c 

^ 

in 

W  O  CM 

*-t   -H 

UJ 

sO 

X  _J 

o 

z 

u 

U.  -H 

o 

a* 

cr 

CM 

1    fO 

ro 

O  J3 

O  ff* 

<r 

CM 

J-  (J 

X 

X 

>o       t- 

o 

•-I 

o 

to 

o 

o 

o 

o 

a 

e 

o 

o 

o 

«z 

(T 

>-  < 

sO 

ro 

•rA 

«H 

■H 

>. 

«x 

^ 

1 

CM 

N  Z 

3 

(\j 

J- 

O^ 

in 

b. 

U. 

J-  o 

O  X 

o 

X 

o  u. 

X 

II     • 

Z    1 

M 

2 

1 

hw 

m 

J- 

u 

■ 

Zi  m  i£  \D 

UJ  z 

«£) 

o 

o 

Ul 

Z  J- 

a 

vO 

o>  in 

J- 

in 

^ 

W  m  lA  ^o  a>  (T 

^ 

O   O 

o  r 

o 

■»H 

UJ 

a 

¥-  X 

UJ 

*H 

13  «t 

o 

o 

1   1 

1    1    1 

1      1 

1 

1 

ID 

<s 

tH 

CM 

CM 

<o 

J- 

in 

CM 

ffl 

J- 

(o  o  ro 

Cd 

in  CT» 

o 

w  3 

z 

-J 

1 

-1 

Of 

X 

ax 

1 

t/1 

CSX 

t 

00 

Z 

M 

«I 

u. 

o 

tj 

UJ 

UJ 

o 

UJ 

UJ 

J' 

4- 

ro 

n 

O  K  *^ 

\D 

CO 

o  o 

a. 

U 

UJ 

J- 

■rH 

o 

cr 

J- 

T^ 

r- 

in 

s. 

fO 

a 

V) 

»H 

(T 

Q£ 

o 

Of 

a 

•H 

o* 

o 

CM 

J-  o 

tH 

^D 

Z 

o 

M 

00 

0£ 

(T 

in 

iD 

in 

<D 

<r 

in 

ro 

nj 

m 

UJ 

fO  o 

u.  o 

o 

U- 

u 

o 

CM  ^ 

(M 

I 

2  M 

-1 

n 

to 

J- 

\0 

N 

J- 

ty 

« 

« 

J- 

in  ^ 

4 

X 

H       • 

M 

X 

M 

X 

1 

1 

^  X  W  K  O 

•H     • 

^  lO 

in 

1 

Tt 

UJ 

z 

ro 

o 

r^ 

O 

w 

ro 

r* 

<H 

<T> 

o 

^ 

u 

o 

Uf 

03 

^ 

CM 

ro  o 

CM  ■»-»  J- 

o 

in  w 

0»  4-  J- 

J- 

o 

o 

UJ 

in 

^^ 

J- 

o 

J-  <r  J- 

o 

ro 

<7» 

a 

o  o 

> 

J- 

J- 

<r 

in 

iH 

«-( 

« 

« 

J-  nj 

4 

■H 

cr 

rw 

o  o 

r^  <D  cr 

o 

■H  w 

(T 

e 

oo 

"I 

ro 

ro 

ro 

*D 

o 

<D  in  CM 

CD 

(T 

^ 

X 

M 

yO 

OJ 

ro 

CT> 

in  \o 

to 

_j 

»-t 

■ 

• 

■ 

• 

a      • 

•    •    • 

• 

•    • 

• 

• 

• 

J- 

* 

■ 

• 

• 

• 

•    •    • 

• 

• 

• 

• 

•     • 

J- 

UJ 

o 

X 
X 

o 

•r*  cr 

o 

PJ  o 

II     • 

u 

CO 

1 

^. 

(\j 

J- 

N.  O 

CM  -4-  O 

1   ro 

CD 
(M 

CO  in 
a  in 

1 

o 

o 

a 

<I 
u 

o 
CM 

1 

m 

o 

J- 

ro 

CM 

cr 

o 

o 
1 

N  cr  o 

1   r^  r^ 

Pd  1 

CD 
« 
•H 
1 

J- 
1 

o  o 

z 

X 

0£ 

-J 

IH 

ifl 

tA 

W 

UJ 

t-H 

(O 

vt 

(O 

(O 

UJ 

^o 

o 

^ 

z 

^ 

«x 

< 

UJ 

4 

(fl 

q; 

X 

iA  iA 

o 

2 

-J 

Of 

X 

(/I  to 

o 

>- 

z 

-1 

o 

ro 

^ 

« 

q:  o 

X 

X 

>-  O 

>-o 

tft 

(T 

UJ 

flO 

W 

UJ 

trt  O 

2  Z  -J 

X 

■^ 

ffi 

Ul  (T 

00  UJ  »- 

CO 

o 

z 

2  -1  X 

< 

m 

o 

X 

^ 

Crt 

o 

IH 

o  «* 

u 

M 

O  t-i 

o 

«H  O 

I 

CD 

a 

-t 

I 

z 

(A 

O  _J 

t-t  M 

O 

00 

«x 

X 

ro 

a 

^ 

X 

2  V)  O 

-i 

»-•         ►- 

o  to 

«t 

o 

o 

o 

w 

o 

or  t- 

t- 

X 

z 

UJ 

Z  t- 

II      • 

0. 

o 

o 

O 

M 

in 

-1 

«i  <  z  o  a; 

CD 

a. 

o  o  o 

V) 

^ 

<  4  Z  CS  Of 

m 

cr 

Of 

o 

zs 

o 

u. 

M 

o 

UJ  n 

^  ^C 

lO 

in 

X 

2 

o 

o  o  o 

2 

ut 

u. 

u. 

>- 

O 

CO  « 

X  2 

1-4 

o 

O  O  O  2  Ul 

u. 

u. 

>■  o 

<-l 

U. 

O  <X  Q£  O 

3 

Q£ 

UJ 

13  o;  (o 

^ 

o 

N. 

< 

UJ 

^ 

-1 

2  ul 

l-t 

UJ 

z 

o 

o 

Of 

o  r>- 

«t 

UJ 

^ 

-1 

z 

u. 

»H  Ui 

Z 

o 

o 

1-  Of 

o 

UJ 

XL.OCDU.CrOZ 

a  cro 

X 

■H 

u. 

X 

•a 

O  UJ 

•     •  CO 

Of 

O  CD 

t~* 

a 

X 

▼4 

U. 

X 

o 

UJ 

•  (O  Of  O  CD 

t-t  Q. 

1 

bJ  UJ 

o 

UJ 

o 

UJ 

UJ 

V) 

o 

U. 

-J 

UJ 

M   Of 

»-  t-  en 

Q-  O 

2 

2 

-1 

o  u. 

UJ 

l-l 

or 

1-  00  »- 

0. 

o  z 

z 

-J 

(U 

CJ 

O  Q 

=3 

2 

z 

of  a 

q; 

a£ 

M 

ao; 

<r 

1 

u. 

UJ 

> 

K 

Z  2  w 

m 

o 

o 

t-i 

UJ 

«x 

u. 

-J 

UJ 

> 

1- 

2 

Z  M  00 

o 

O  M  UJ 

z" 

II 

ZOl-OMQ.UJUJKU.UJa 

<t 

U.  UJ 

1/1 

o  o 

Of 

o 

< 

o  «* 

0.  O 

«x  <r  r 

-J  Z 

M 

IH 

a 

o 

Of  o  <c 

O  tf 

a. 

o  <x 

«*  X 

z 

l-l 

M 

CD  U 

e 

0£ 

4 

Of 

X 

UJ 

1  >- 

(/I 

UJ 

UJ 

1 

o 

z 

«  2 

00 

a 

<  l-l 

<x 

M 

UJ 

UJ 

1 

3 

Z  Of  z 

(O  Q  < 

M 

«  t-t 

w 

OCQf  UJ 

>- 

M 

O  X 

Ul 

o  «t 

<x 

u 

o 

•a 

X 

o«« 

UJ 

iC  *!> 

t/i 

CD 

UJ 

UJ 

O  3  Of  Of  2 

-J 

z 

o  u 

M 

> 

<A 

CO  Ul  »-  Ul 

O  3  Of  Of  Z  -)  2 

o 

O  M  > 

h- 

>x 

V)  t-  Z  o  X  tn 

J 

M 

or 

X 

Of  ^ 

o 

th 

M 

X 

:^  q:  X 

00  o 

1-  >  « 

o  z 

«t 

<x 

-i 

o: 

M 

X 

^ 

Of  X 

>- 

CO  o 

>«l  Li  O 

z  < 

<X 

-1  Of 

o 

X  o  o 

IH 

^ 

o 

UJ 

M 

03 

1 

1 

UJ 

1 

trt 

>-  1 

X 

o 

3  <X 

M 

M 

sc 

CD  Of 

X  o  q: 

M 

M  -v 

Of  Of  UJ  UJ 

O 

=3  <I 

M 

•-• 

V  CD 

Of  X 

u  ck:  M 

M 

0^  Of  UJ  UJ 

* 

X  Of  Q. 

Q 

-1 

-1 

o 

1- 

<t 

UJ 

u. 

X  o 

u. 

UJ 

t- 

u>  u. 

UJ 

z 

2 

K 

■> 

t- 

tn 

«*  LD 

X  Of  t- 

ll. 

00  CO 

u. 

u.  r>f 

01 

2 

2 

►- 

> 

t- 

to 

«J 

u 

X 

Of  t-  U.  00 

CO 

u. 

u. 

Of  CO 

o  J-  T^  oo  o  o 
<r  in  ^  in  o  o 

<D  ^  J)  CM  o  o 


o  o  o  o  ( 


U.  U.  00 

u.  u.    • 

O  O  0 


a  J  ^  «0  a  C3  ( 
cr  in  tc  in  o  o  < 

CO  4-  «£)  (M  o  a  c 


ro  cTt  r^  o  cr  CO 


_J 

IL 

-) 

ri 

O  00 

X 

UJ 

M 

HH  to 

eO 

(D 

1-  UJ 

II 

• 

M  Z 

V 

in 

(^  ^ 

o  o 

I    I    I    I 


I    I    I    I    I    I 


tH  (O 

^  1^  Ul 

.J^0  a 
o  >  o 
Of  r-  X 
»-  4*  I 
z  r^  u- 

O    I    UJ  O    I      I 


I    I    I    }    I 


I    I    I    I    I 


00 

00 

• 

Of 

I 

J- 

o 

UJ 

1- 

OO  (O 

CM  CM  0. 

o 

UJ 

• 

• 

C3 

IH 

Of  r* 

1 

cr 

<0  l9 

4-  d  cr  Ul 

u^ 

•  D 

-i 

-> 

UJ 

in  o  «-t  o^  I 
ii>  J-  o  -*■ 


>  r-  CO 
•  II    > 

>  ^  in 


roinvDiiiitiiiiiiiif 


(  I  I  I  I 


1    UJ 

U.                             lA 

UJ  00 

UJ        to 

1-   _l         CM 

Ul 

O  OO   vO  (D 

r^             CD        r^  J- 

ro  CO  u.  UJ  11     • 

X  a  O   O   CM   tH   CM 

CM  -r^           ^  in 

X  UJ  O  X            •     • 

1-    •   1        J-  tn 

■H  ^H 

T^  10  C3  u.       in  CO 

r^ 

CM  3                             J- 

in  <r  tO  «-i  o  o  o  I 
4  ro  in  in  o  o  o  I 
<r  4  o  <£  o  o  o  I 


Of  X  CO  o  ^  in   "H 


»  C3  ^  CM  ro  CT^  CM  CM 


o      J-  o 

X   X  \D 

.  CM  Z 

o  o    •  < 

*4  J  in 

-t 

O  O  X 

O            -H 

Z  _l     t 

X 

l-l  «X    II 

•>     1     M 

0.  U  UJ 

Of        z 

O  M  (O 

<r  UJ  z  M 

_1   h-    H-l 

^  O  tH  X 

(O  Of  o 

cr  _j  T^ 

UJ  z 

r1  3     • 

•  > 

O  O 

X          M 

»(D  4- 

t£          X 

in 

UJ         X 

<-l  o 

o4-*-ioocrror^^Hc\jh-roa 
(rinvDineororocrJ"ro-*o 
oj'vDCMj'ojr-^o^inwo 

roc3N.oo*Hioin4-*HO^o 
4-  4  cr  m  th  •^  r^ 

«i>  CM  ro 


t-  X 

in 

O 

II    UJ 

o  u. 

■r* 

o 

«x 

CM 

V  «* 

u.  u. 

-» 

CO 

O  X 

o 

ll 

X 

2    1 

-> 

lO 

V 

in 

UJ  2 

0.  t- 

X 

•=>  <X 

C^  X 

OX 

o  o 

to   M 

(M 

c^ 

CD  UJ 

CO 

u.  o 

*X  X 

II 

t-4 

^ 

in 

u 

flO  4 

o 

cr  in 

^H 

s 

— 1 

I    I    I    I    I 


I    I    I    I    I    I    I    I    I    I    I 


(j-roiniocooTHtnocMc 


>  CO  r-  in  o  < 


ro 

vO  r«>  w 
po  ro  ro 

f»^ 

o 

o 

4 
CD 

-H  r* 

CM  « 

CM  ^0  (P 

j^  rs.  cr 

o 
o 

o 
o 

o 
o 

in 

o  J- 

--I 

CD 

CO 

° 

o 
*-« 

1 

CM 

I 

in  m 

CM     1 

4-  «c 

CO  ro 

■r^     1 

° 

° 

o 

o 

fo  ro  5^ 

e 

o  o  tsi 


Of  O:  UJ 
I-  >  z 
X  o  o 
X  Of  o. 


<        C»f  O  X  X  >-  o 

3"  >-  O  00 

CM 

_|00Oi-iO<JO»-l 

t-«  O  l-l  o  ^ 

CO 

Of  1-  t-  1-  X  Z  1- 

UJ  Z  1-   -J    II 

U30i-tl-U-UJt-< 

O  UJ  t-l         ^ 

in 

»-»  O  «  Of  O         3  Of 

Ul  3  Of  to 

»-l 

UJI-XU.U(DU.C70Z 

o:  oo  >- 

O  UJ                            O  Ul         < 

UJ          00 

o 

3ZZ    -acK      ofOftH 

1-  Of  c^ 

-i 

1-OMO.UJUJt-U.UJO 

<z  u.  UJ  00  a 

tn 

M<          Ofs->-XI>-UJ 

1    >-  to    II 

M 

0XUJ0<I«1L30«1X 

UJ  O  «I  UJ  v 

in 

y- 

ZOXtOj_(»-tOf_l 

X  Of  _i  o 

O  UJ  •-<  CD    1      1    Ul  >    1    00 

•-•  >     1     X 

-1 

_(<J»-«IUJU-XOU.UJ 

1-  O  U-   Ul 

Of 

X          00  OO                O                      >-   2         -J 

Of 

X         CO 

tOUJK              OOOZZ-JX              <v        cs 

Ul 

X  <-l 

0.-JXZC0O— IMI-1         1—                OOO         < 

X  J3 

a.    • 

OOOIHCO_J         <X<ZO(tf                            (S 

a 

O  O   O  l-l  CO  -1 

10  <Si 

IZM       O          -OOOZUJ        u.u.>-o 

to 

CD 

o  rs. 

4UJ>"-IZU.              MUJZ         oor-of 

o  r^ 

<X   UJ  >  -1  2 

U.          X<X          OUJ**lOQfOtD                MO. 

X 

■H 

U.        X  «x        o 

OU.          _JUJlHOft—  »-tOI-0.DZ2_J 

1 

O  U.          -I  UJ  tH 

4 
1 

U._lUJ>'l-         ZZl-tOO                OOMUJ 
0fO<IO«*0.O«I<IX          -JZMMCDO 
UJI3         ZOfZ                (00<I»Hl-t-<»l-« 

Ul 

Of  o  <i  o  «i  a 

UJ    1     =>         Z  Of 

CDUJ»-UJ          O30fQfZ_IZ         OOt-i^ 

00 

xa^(KX>-trtO»->«UJ02««-io; 

O 

3<xi-ii-4^oDafxoQfH-(tHN.afofujuj 

o 

D  <   IH  tH  iC  CD 

2 

2l->t-00**OX0f*-U-0000U.U.0f00 

2 

2  K   >  1-  00  « 

O  Z  Z  ^  X 

J  IH  IH    t- 

<  <  Z  O  Of 

•  LD  O  O  Z  i&i 

U.  IH  UJ  z 

Ul  •  •  to  Of  O  CD 

K  t-  I-  00  t-  a  o 

Z  2  IH  (rt 

O  <  «J  X  _J  z 

Z  00  O  «  IH 

3  Of  Of  Z  J  z 

O  I-  >  <  UJ  O  2 

Of  X  O  O:  IH  IH  s^ 

(J  X  Of  t-  U.  00  CO 


o  o  > 

<  4  . 
Of  Of  I 
b.  u.  ( 


52 


fsj 

IS)     IP 

^ 

«  Z 

CM 

u. 

u.  v» 

Vi 

UJ 

o 

o  cr 

O 

»  t-t 

(O 

o  V 

X  X 

o 

ir 

1  »- 

z 

z 

vrt 

Ui 

Irt 

<  O 

w  Irt 

W 

«  I 

* 

o 

ir>  ui 

« 

i/i 

<M 

<\j  a 

3 

UJ 

■ 

r 

O   C3 

« 

O 

f^ 

1  tr 

^  <s 

cr 

UJ 

UN 

o 

_j 

_j  (^ 

•H 

r 

f«^ 

o 

« 

O    ^    1-t   CO    ( 

CT*  ir\  ^0  IT  t 
«  J-  >£  oo  c 


J>    J-    O   l->   o   < 

lo  J'  vD  <r  o  < 

CO  m  J-  sD  o  < 


r^  fO  (T  o 

z 

o 

h-i        yi 

ro  lA  «o  o 

(T  M 

ITi   -^ 

-1  (\j  O 

^  O) 

o    -  o 

Of  fO  z 

_(         li.   3 

<      a  VI 

z  ^  u. 

O  r/1  T  UJ 

.-.  (/i 

«  ro 

o 

—  z 

V    ^0 

or  ^ 

o  o 

o  ^- 

<   i-(  IT  o   ^  vO 

t-, 

« 

-1     r     -H                        -^ 

u> 

•£> 

t     UJ 

ii 

UI  w 

UI 

\A 

»-    _J           o 

UJ 

o  CO  \D  r^ 

a       J' 

^    IT,  li.    UJ     H       • 

I 

Q 

O  CVJ  lf> 

rvj  (T                b^  *i) 

r 

UJ 

C3 

£ 

)  ir>  m  I    I    I    I    I    I    I    I    I    I    I    I    I    I 


I    I    t    t    I    I    I    (    I    I 


I   O  U.         UN  O^ 


o  o  o  o  < 


u 

J- 
(\j 

Z 

X 

X  tC 

o  O 

CO 

\i\ 

J- 

o 

a 

X 

1,5 

u 

-1 

z 

_*   r 

X 

» 

1 

a 

U  UJ 

(^ 

r- 

o 

(T  UJ 

Z 

H-    >-^ 

(£  O 

X 

un 

a  o 

0*   -J 

t-t 

UI  z 

T*     ■=> 

> 

o 

o 

r 

IN* 

*  s 

tr 

in 

UJ 

X 

<H  o 

Of         iTi  ^  ^D  *-i  C3 
<          ^  fO  Ifi  in  O 
O^  ^  <C  t£  o 
Z   (V 

(-1  (M   -T   ff»  IfN 


crinxi/Nccroj-vOerovOc 


or 

X 

ro 

o 

^ 

.0 

n 

«n 

o 

li. 

u 

U. 

J' 

ro 

O 

Li. 

X 

3 

m 

^ 

0) 

a 

X 

a 

X 

o 

o 

w 

M 

o 

<n 

J- 

vO 

C3 

cr 

lA 

*H 

M 

(\i 

*H 

<Vi  fO 

«-< 

tH 

■^ 

b^  ^ 

rvjooiiiiitiiiii 


o  O"    I     I     I 


1(11111 


o  <r 

<r 

fO 

o 

t 

()   T. 

■ 

Z     1 

UJ  z 

J- 

*H 

cr 

cr 

Lrv<cir*4*H0^(r(rK>{rooo 

3  < 
a  X 

UI 

•^ 

1/) 

UI 

(M 

M 

<c 

tf\vC«3^0<S'4OJ-(rOOO 

' 

J- 

o 

J- 

rnirfo»oou>c3Moooo 

a: 

o 

tH 

tr 

o  ■r^       1       J-  <r  *H  a> 

u.  u 

o 

-H    ^                         M     1     PJ     ( 

r 

o 

1 

u 

UJ 

^D 

h- 

iH^oa^inoxCcro^ooo 

< 

J' 

•^ 

<=» 

fO 

ro 

ro.foocoh.^(r(\i<r>ooo 

U^ 

o 

J- 

rosoocaj-inrovDoooo 

13 

fVJ 

(T 

o  OS        ^    1    ^  a>  CO  r^ 

l/l 


(/) 


^  (T 


«  f*>  ^ 
O  O  AJ 


<  Z 

z  o  c 

<  fo  oe  Of  1 
>   •  *-  >  : 

<  a  X  O  < 

X  J-  X  or  t 


O   3  ( 

M    O   . 

J  »-   X  ) 


»-4   4    O   UI    M 


•  a  or  q;  a  i-t 

Q.  UJ  UJ  »-  U.  UI  o 

a  >-  >-  I    t  >-  UJ 

o  «  «i  o  o  «i  X 

i/i  -J  _j  t-i  a  _j 

CD  I  I  UJ  >-  I  en 

<Z  UI  U.  X  U  iL  UI 


O    UI    t-H 

UJ  =3   Q: 


O  -H  ro 
-J    II     • 


l/>   UJ  t- 

l/l  o 

Z 

o 

Z  _J  X 

<I 

z 

m 

K 

X         (/\  V) 

•-*       t- 

o 

(/I 

"S 

a  _i  X 

-i 

CD 

Q, 

u. 

u.  >- 

O 

(/I 

.T 

I    Z    M 

o          • 

_J 

t-t  UJ  X 

o 

o  »- 

OH 

l-l 

a. 

z 

U.           I 

<I          O  UJ 

o 

U.   -1  UI 

> 

h- 

z 

Z  i-t  (/I 

o 

O   M 

Ui 

— 

UJ   >  h- 

<  X          _) 

z 

t-4 

M  CD 

o 

w  o  «x 

•-* 

UJ    1    z> 

X  0^  z 

o 

O   M 

X  ^  or  X 

V 

(/l  o 

>  «X  UJ  o 

z 

<I 

or 

J_, 

(D  0£. 

X 

o  or  tH  M 

N. 

Of 

OC  UJ 

UI 

X 

ly  »-  u.  0^ 

t/> 

ll- 

u.  or 

CO 

z 

Z  t-    > 

t-   LO  «t  O 

Z  Z   _J  I  <l   V  OD 

•-•  t-t         K-  C3  to         ^ 

4  <x  z  o  cir  oo 

i^JOOZUJ        u.u.>-o 

i-t  UJ  X         O  O  t-  QC 

•    •coorom  t-»cL 

l-l-tAt-0.OZZ_i 

zz»-4(n  oot-«uj 

<3<iz       jzi-it-«mu 

V10<i-l»-l-<i-i 

ororzjz  oo»-'> 
»-><uJU)Z4<_jor 
xuoir>-«(-«>k(yo;ujui 

XQf>-U.(/){/1U.b.0rV) 


U-  u.  w 

U-  u.     • 

o  o  o 

o  o  ar 


in  < 


I 


<-«      <i  <i  o 


^  .^  «4  «)  C3  a  o  I 
(T  IT  tC  l/v  o  o  o  ( 
0   ^  kD  CM  o  o  o  < 


J-  ^   (T  If. 


«  «>  IT  O 

z 

•      •     •     •         <-* 

M         on 

n  --*  «)  o  (T  '-f 

_J  ^  UJ 

^D  ■rH            II       • 

_J  CM  o 

o    .  o 

or  n  X 

-1           U-    D 

¥-    ^     t 

<I          Q.  t/1 

Z     -r4    U. 

O  W  I  UJ         -H 

O       1       UJ 

!-<(/)                       CO    *< 

K   UJ                 II      • 

»-•  Z                V  lO 

<X  ^                    ^ 

> 

o  o 

£_>  1^ 

or  p*.  X 
I-  J-  I 

Z  ■r^  U- 


I    I    I    I    I    I    I    I    I 


I    I    I    I 


I    I    I    I 


I  •-•  <£  a  ^  O) 


*-  «  (/!  (\j  PJ  a 

=>        UJ     •  • 

T.         UJ  sO  C3  O 

*-•       or  K  I   cr 
fsr  «  o 

■  4   (T  UI  tl 

t            •  O  J  _J  UJ 

I       ro  X 

N.  a  «  o  •-* 

*«j    •  ro  o  t- 

t             o    •  . 

I                  s  o 

rvj  I    X 

UJ  (S 

:      z  -I  o 

I         ^  O  X  X  0) 

•  INJ  Z 

I   O      •  «3    >  CO 

I  -J  ir>  -J* 

o  o  X  o  -< 

O  ^  3  Z  -I     I 

X  t-*  <    II 

•■    t    «-<  0.  U  UJ 

or       z  o  »-*  on 

>  Ui  z  »-«  _J  »-  t-t 

»  O   'r4  X  t>0  QC  O 


fo  m  s^ 

e 
o  o  rsj 


^o  J-  c 
ro  J  \ 
CO  fo  - 


--»      or       ir»  iT» 

«         J-  ro 


Z  OJ 

^       o       <-i  o  r 

o       M       rj  j^  < 


UN  UN  < 
CO  tO  < 


o 

to 

tC  ^ 

M 

o 

9>   (D 

(T  ro 

U. 

I   O 

O 

o 

CO    UN     1 

M  vD 

V  >£ 

X  u 

° 

X 

•T  tr 

iH    <0 

\D  I/l 

u. 

UN    ON 

« 

•H 

o 

IT   *H 

o  3 

.  O 

J- 
ro  ON  <o 

o:  X 

'-' 

o 

^  ^I} 

"-t 

fO    vO   -4 

I    I    I    I    I    I    I 


a  O^    I     I     I 


I   Z   J* 
'  X     I    tfl 


I  a  ID  UN  o  o 


»  1^    t4  tC  «>   ( 

J  O  <-«  s0 

(Si  •<  (VJ    I 

I  I 


4      or  u  X  X  >-  u 

X  _Jl/>0»-i040t-t 

O  Qfi-h-i-XZi- 

a  03o*-'i-u.uj"-" 

U.  *-«04QC0         30: 

UJ»-   XU.O00U.C9OZ 

UJ  UJ  O  UI  O  UJ         4 

oo=>zz    -oror       oror^^ 

zi3»-o>-<aujuj»-u.ujo 
4i-»-44       or>->-xi>-uj 

^»-«0XUJ044004    X 

t/i  >-  zoX(/>^_j»-iar-j 
t-i4oujMa)i    iui>-i(/> 

0^^i3h-4UJU.   XOU.UJ 


*H    «H   O 

o 

(VJ   -H 

^            ^ 

'^ 

i^  ^D 

or      -J 

on 

>  >-  o 

on 

t^  i^  *-* 

o 

UJ   Z  1- 

o  w  »-• 

^  ^ 

UI  3  or 

on 

or  c7o 

on 

»-  or  o: 

on 

1  >- 

to 

UJ  O  4 

UJ 

V  0) 

X  or  -J 

o 

*~*   V     1 

X 

o» 

•H 
^ 

(NJ 

O 

rsj 

s 

r^ 

<H  us 

ON  «0 

o 

o* 

ON 

J- 

^. 

fsJ 

^ 

o> 

r^ 

o 

~ 

•* 

CO 

to 

f\* 

oo 

UN 

UN 

° 

o 

° 

° 

lO 


on 


on 


a 

X 

VN  on 

O                       >-   Z          _l 

UJ  UN 

on  o  z 

Z  _l   I                4  V          ID 

X   «£> 

Q.  -1 

I  z 

to  O  _f  M 

l-t         t-                Q  00         4 

0.      • 

o  o 

(J  t-l 

tn  J       4 

4  z  o  or                   o) 

on  J' 

X  z 

o        -  o 

OOZUJ         U-U.>-0 

o  t^ 

4 

Ui  >- 

-»  z  u. 

■-H  Ui  z       o  o  •-  or 

r  *- 

u. 

T  4 

O  UJ     • 

•  on  or  o  CD          •-•a 

»-  1 

O  U. 

UI  •-•  or  »- 

•-ont-aC3ZZ_) 

ii. 

^  UJ 

>  •-       z 

Z  )-•  0^                O  O  >-•  UJ 

1 

or  o 

4  a 

4   0.  O  4 

4X          jZt-»»-<<DO 

UI    1 

-> 

z  a  z 

|/)04i~i»-l"4(-i 

on 

ffi   UJ 

o  3  or 

orzjz      oo«-'> 

T    V 

a-  X 

>-  on  o  »- 

XUJOZ44-IQC 

3  4 

^  (D  or  X 

ooriHt-ivororujuj 

z 

Z   >- 

»  »- 

to  4  IS  X 

or»-b.(/t(/)u.u.Qr(A 

o  to 


O  Ui 


_        in  VI  _ 

toujt-  onozz^x 

Q.-iiztno_ii-*»-i       »- 
ooo>-H(o-i      44zoar 
--  o        •ooozui       U.U.: 

.jZu.  i-tUiZ         ooi 

~  ■  to  Of  o  tt  I 

'»-t-to»-aozz 

«.^».^^         ZZH-on  OOi 

aro404ao44x       ^  x  »-*>■*  < 
uii3      zarz  (/)04i-iH-»-' 

siu'-ui      ozsororz^z       oui 

XVQrX>-(00>-    >4UiOZ44 

34i»*i-<vcDorxoori-ii-«vQrQri 

ZK>»-</l4l9Mtt'b-Utn(J^b.U.i 


X   Z  <-t 

U.         X   4 

O  U.  -i  I 


53 


L.   U.  C/1 
O  O  O 


UJ  tD  o  o 
r  W  liJ  II 


5     •  <l   >  eo 

J  UN  ^ 

5  o  r:  a       -h 

3  ^  3  Z   _J    I 

x:  t-i  «i  II 

•^  I   >-<  Q.  u  UJ 

;       z  o  tH  irt 

J  z  t-t  _j  »-  »-• 

3  ^  £  (/)  0^  o 


O   J-    ^  00    I 

o^  if>  ■^  ir\  ( 
(O  J-  iD  rj  < 


vD  j^  o  r 

fo  J-  vo  e 

<o  fO  J-  *. 

in  o  w  ( 

^jO  J-  «=  - 


IT  <r  iD  1 
J-  ro  If*  I 


o  J-  *-»  io  (T  ■>-<  rg  c 


M    in 

h>  e 

fO    CO 

«o  o 

fVf 

■^ 

_, 

li-  3 

< 

Q.  Cn 

U  CO 

r  UJ 

l-t  w 

1-   UJ 

M    Z 

a;  ^ 

o  u 

o:  X 

tt  o 

UJ   K 

tr  a 

>-   t 

•   • 

c  tH  ro  o  ^  ^ 


I  ^  (T  ro  eo  .y  irt  ( 


)    I    I     I     I     I 


I    I    I    I     I    I 


1(11(1 


I    I     I     I     I 


fo  ry  j^    I 


in  J- 

u. 

Ul 

II 

• 

X  o 

tr  th 

^ 

CM 

r  UJ 

O   (T 

<£  in 

m 

o  :d 

m 

rw 

f^  -> 

M 

o 

^  « 

a;  X 

N- 

b<; 

o  «* 

t-  T 

03 

o  u. 

«-« 

o 

fti 

>  «i 

u.  u. 

J- 

J- 

o  s: 

o 

li- 

r 

Z    ( 

-) 

V) 

V 

J- 

Ui  z 

t: 

3  <I 

a  X 

ox 

O  (J 

UJ 

11(11 


I    I    I    I 


_J  ^D  O 
O  •  O 
Of  f^   X 

»-  J-  I 

Z   -rH   L. 

O    (     UJ  O     (      I      I 


I    I    I    I    I    (    ( 


O  O     I      (      I       I      ( 


«D  m  o  I 

\0  -1 


Uj  z  j- 

3    «I   -H 

C5  X    I    I 


11(11 


t  J-  m  <o  fo  CD  < 


'  -*■  «  ro  in  < 
OJ   1    T^    I 


J         J-  \D  rw  vH  tC  < 


(/) 


[/) 


w 


W  M  i£ 
O  O  CM 


4  ro  Of  Of  UJ 

>    •  (-  >  X 

4  o  r  u  o 

X  ^  X  or  fl. 


UJ 

Ul 

n 

111 

(3 

o 

I) 

z 

Z 

3 

o 

«» 

M 

4 

M 

X 

m 

^ 

Z 

o 

M   <    O   UJ   iH 
O    _l    _l   O   (- 


a  (J  X  X  V  o 

O  M  O  «I  O  M 

•-  t-  I-  X  z  ►- 

U   »-«   h-  U.   UJ   IH 

4  Of  O         =3  Of 

u.  u  m  u.  o  o  z 

O  UJ         <I 

•  a;  a      oCGC^ 

CL  UJ  LU  h-  U.  UJ  O 

K  V  >-  X    (    >-  UJ 

O  <I  •*  O  O  <X   X 

t/)  _l  _l  M  Of  -I 

m  (    (  UJ  >-   (   CO 

4  UJ  u.  X  u  U.  UJ 


UJ         <  GO 

Q£ 

>  >-  o  to       o 

UJ  a 

»-»  O  M  O  *^  ^D 

X  in 

UJ   Z  1-   _l    H      • 

(L     • 

o  Ul  (H       ^  r>- 

W  tH 

UJ  3  Oi  tn       T^ 

O  hw 

a;  Gfo  >- 

X  w 

UJ         (/^ 

j_  q:  0^          ^ 

«s 

«I  U.  UJ  (/)  ct  ^ 

(  >-  (n  M    • 

UJ 

UJ  O  4  UJ   ^  eO 

on 

X  o:  _)  o      -r^ 

(-• 

M   V     (     X 

o 

^-  u  u.  UJ 

z 

in  t/1  o  >-  z  _j 

trtujt-  wozzji  4>.  m 

Q.jxzcoo_iK-4M       y-  at/)  <x 

ooo»H(o_i       <Z4ZOQ£  m 

XZl-t         O  «OL30ZU         L-U.>-0 

<[uj>--izii-  *-tUJz       oo»-a^ 

u.       x«x       ouj**(/)Qfom  tHo. 

OU.         _JUJMQ^t—  h-(/)t—  (LOZZ-i 
U.^UJ>h-         ZZl-tbO  00»-HUi 

Qf04a<a.04«xx       _iz*-iMa)o 
UJI3      2q:z  (/)a<iHt-i-<x)-) 

flDUJt-UJ       o=3a;QfZuz       oo»-'=« 

X:^Q::X>-(nOl-:><UJOZ4<I-JC^ 

^•it-ti-t^ajttrxoKMi-i's.  (KQiujuj 
z>-=»»-(rt40XK(-u-toinu-iLart') 


a   • 

o  o 

on  r^ 

x  z 

O  tC 

«x 

X  -H 

u. 

1-    1 

o  u. 

«X 

u. 

Qi  O 

UJ 

UJ    ( 

w 

IH 

X  V 

O  i-i  (/>  ^ 


Irt 

trt 

o 

>- 

z 

_» 

to 

O  Z 

z 

_J  X 

<r 

V 

OD 

o 

-J  •-• 

M 

f- 

n 

(/) 

« 

^ 

4 

z  u)  a: 

tD 

•  o 

<J 

O  2 

UJ 

u. 

u. 

>- 

O 

z 

u. 

M  UJ 

z 

o 

o 

a: 

o 

w  a;  o 

m 

M 

n 

M 

Of  K- 

a 

o 

z 

z 

z 

z 

M  (rt 

o 

o 

l-< 

Q. 

D  «I 

T- 

?- 

•-( 

M  (D  U 

Of  Z 

w  o 

w 

<x 

•H 

o 

3  Q* 

a;  z  -1  z 

o 

o 

M 

> 

w 

Ol- 

■> 

<  III 

o 

z 

tf 

0' 

0  Of  X  U  Of  IH 

M 

N. 

fr 

Of  UJ  UJ 

«!■ 

O  X 

a* 

t-  U- 

W 

tn 

u. 

u.  a:  00 

X  o 

• 

3^  (\J 

a 

-< 

J- 

fs(  is<    M 

«I  <t  Z 

W 

U.   U.  (/) 

Ifl     • 

u.  u.    > 

UJ  a 

O  O  C3 

(/)  to     • 

—  I  J- 


a^T-ioooooc3C 
a*UNvOinooaooc 

ai4'i0(\JOC3OC3^C 


J-  J-  tr  in 


V_4 

z 

3«r 

»n 

o 

o 

t-l 

(V 

T 

o 

in 

UJ 

(M 

o 

K 

J- 

> 

1 

« 

in 

o 

i^ 

«£} 

tK  ^3  X 

h-  \£>  ( 
Z  T-l  U_ 
O     I    UJ  c 


I      (      (      (      I 


111(11 


(      I      I      (      (      (      ( 


((((((!( 


(      I      (      (      I      I      (      I      I      I      I      I 


•  O  ^   -I  UJ 
>  X 

.  o  a>  o  IH 


nj   (    X 

UJ  m 

c  _i  o 

r  o  X  x  u) 


o  o    > 

v4  ^  in 

o  o 


M       ti;      intTiD-Hoo 
4       J"  fo  in  LTi  o  o 

II  (T*   J-   OD  ifi  O  O 

Zt\l****** 

h-        o         <Hor^ooo 

3       M        rg  J"  C  in 


O    O    C3   C3    O    O 


o  o  o  o  o  o 


a>  UJ  z  • 

U)  O  ^  3 
CT  _1  ^-1 


X   13  ^r* 

=>  Z   -I    ( 

X   IH   <S     II 
IH   Q.   O   UJ 

Z  O  IH  to 

to  ct  o 


C>    J    •^   OO    (7>    CD   1 

(T  in  iX)  in  CO  t-t  c 

<0   J-  vO  C\J  J-  ^-<  L 


.  o  J-  «H  ro  83  fVJ  -H  < 


O  to  vD  -* 

r<j  w  ii_  UJ  II    • 
■H  C3  :^  vo 


fO   J- 

II    • 


I  t\J  J- 


4  n  Of  i^  UJ 

=»     •  I-   >  X 

<  e  X  u  o 

X  ^  ■xta.ix. 


4         ti^  O  X  X  >-  o 

>  >-  o 

T 

JIOOIHO«IO»H 

IH   O   IH 

(^1-  1-  1-  X   Z  H 

UJ  z  »- 

030IHI-U.UJIH 

O  Ul  M 

i-i  O  4  ti;  O         =)  Of 

UJ  3  C^ 

UJKXli.O(QU.0UZ 

q;  cro 

UJ  O  UJ                            O  UJ         4 

UJ 

f> 

03ZZ     .tKO:          ^^►H 

t-  a;  q; 

7- 

31-OIHCLUJUJI-li.UO 

4  U.  UJ 

«3 

I-M4       (r>vx(>uj 

MUXUJ044004X 

i-zoxto_i_jiHQ:_i^ 

UJ  O  4 

to 

X  a;  J 

IH 

«XOlUIHCQI      (UJVIlO 

IH    >-     ( 

□ 

_j_jOI-4UJU.XUU.U) 

1-  o  u. 

«£  to  ( 
J-  ID 


II   UJ 

a  cj 

V  <  \0 
O  X      • 

Z  (  CM 
UJ  Z  vO 
3  4  -rt 
CSX     I     t 


a: 


*H  o  O    (     I 


UJ  M 

bO  UJ  »-                (O 

X  in 

a  _i  X  z  00  o 

O  O  O  IH  (O  _| 

to  -H 

X  Z  M         o 

o  ^. 

4   UJ  V   -J  Z 

X  '-» 

U.          X  4          O 

1-  ( 

O  U.          _l  Ul  M 

4 

L.   -1  UJ   =»  1- 

( 

q;  o  4  Q  4  a 

UJ 

UJ   1   3       :k  K 

t-t 

X   i^   Q£  X   >   (O 

Z)  4   M  IH  i^  £D 

2 

Z  h-   >*-(/)  4 

(    I    (    (    (    (    I 


I    I    (    (    I 


lo  to  to 

to  o  >-  z 

O   Z   Z  -t  X  4  V 

_l   IH   IH  I—  O   to 

4  4  Z  l2  Of 
•  OOOZUJ         li-U. 
U.  M  bJ  Z  O  o 

UJ     •     •  to  a£  O  (D 

ort-t-ioi-Q-ozz 

Z  2  tH  (O  O  O 

D44X  -JZIHIH 

Z  (O  O  4  M  h-  H- 

3Q;Q^Z_|Z  OO 
Ol—  >4UJOZ44 
tXIXOQfl-'lHN.QfQ; 
OXQ^h-U-tOtOU-U. 


%D  to  c 


CJ  4 

» 

C3 

o 

4- 
J- 

1     1 

1 

1 

1 

1 

1     1     1 

1    ( 

1      1      1 

o 

in 

O  0^ 

(T 

>   4  O 

O  X    . 

t^ 

(T  in 

Of) 

\C 

a 

■H 

CO  OO  (T 

(\J  (T 

o  o  o 

3   4^ 

PJ 

tr 

J-  in 

^ 

« 

-* 

00 

(D  -H  O 

r^ 

J- 

ro 

<x> 

o 

IT*  J-  0^ 

■H  O 

o  o  e=^ 

o 

tH 

(T 

o 

o 

1 

rvt  A  V 

m 

U.  O 

o 

■H 

M 

X 

1 

t—  o 

N.  »H 

a 

o 

<o  J-  CT» 

(Si  tr 

o  a  o 

1  o 

fO  to 

O 

a 

eo 

(T  tr 

4  O 

m 

o 

0* 

o 

n 

a 

o 

7 

vD  p»-  in 
o  in  h- 

CM 

=  =  o 

to 


to 


CD 

0.    • 

O  13 

>-  O 

to  PJ 

I  z 

1-  0£ 

O  N. 

IH  Q. 

X  -H 

ll- 

o  u_ 

t-i  UJ 

li. 

CD  O 

1 

a;  o 

4  IH 

UJ    ( 

IH   > 

CO  UJ 

-1  a. 

M 

X  ^ 

UJ  UJ 

O 

3  4 

a"  (o 

z 

z  ►- 

_         t/>  lO 

K-  to  o  2  ; 

I  Z  to  O  J  M  I 
U  IH  to  —I  4  • 
M         O  •  U  I 

UJ  >-  -J  2  U. 

X  4  O  Ul     • 

_j  Ul  M  o;  ^-  I 

_j  UJ  >  »-       z  : 

4  C3  4  a  o  4  • 

3         Z  Q£  2 

I-  liJ         O  3  Of  I 

CK  X  >-  to  o  I-  : 

IH  H4  ^  IS  O'  X  < 
»  H  to  4   13  X  I 


to  »-  a  a  2  z  _i 

IH  to  O   O  IH  Ul 

X  _J  Z  IH  IH  CD  tj 

tOa4lHt-(-4»H 


'  4  UJ  O 
I  Of  IH  h-t 

:  I-  u.  to 


O  C3  I 

2  4  4   _J  ( 

N.  Of  Of  UJ  I 

to  U.  U  Olf  ( 


54 


)  O  a  o  C3 


Li.   U.  C/1 
U.   U.     • 

o  o  cr 


UJ  tC   o  o 


m-j-iDCrooooooi 


-J         u.  3 

o  i/i  r  uj       ^ 

(-(  c/i  «  ir 

M  2  i^  o 

Of  V  -- 

u  u 

Ql  X  CJ  O          J- 

UJ  »-  <D  o  rs.  tC 

>    t      t  •   i(     • 

-a  i-i  ro  o  ^  ^ 

-I  T.     -r^  -H 

UJ  t/> 


O  W  \0  f^ 


ir  « 


fO   IT    ®     I       I       )      t       I       I      I 

(M   J- 


»  O  f\J   --<  P^     I      I      I      I      I      I 

»  r        •    • 


-I  >£  O 

o  •  o 

or  r>w  X 

Z  W  li. 

O  I  liJ    O      t 


o(rmroc\jcyrM(o<riri 

(VJ  *-<  Oj     I     • 


_1 

J- 

C3 

u. 

(\J 

1      3 

r 

z 

-1 

Q 

o 

z 

I 

I  sD 

o  o 

•I 

> 

«D 

ir 

J- 

o 

CI 

r 

O 

o 

3 

z 

^    t 

r 

*-t 

1 

n 

a 

U  UJ 

or 

z 

o 

h-t  in 

0«  UJ 

2 

»-t 

-1 

h-  i-t 

(C  o 

*H 

£ 

00 

a  o 

<r  _i 

-^ 

UJ  z 

(K         IT-   cr  vD  -<  O  ( 

<i       J-  fn  in  If  o  ( 
<r  J'  <o  vo  o  c 


eOJ'\Dfy4'inroo^O'ir'*-( 

^  -»■  O"  in  ■^  s  n 


a:  X  oj  C3 

i^  fo 

^ 

o  ««    •    • 

1-  X  p^  o 

l(    UJ 

O  U_  ■r^ 

a 

I 

IVJ 

U.  li. 

J-  ff- 

O  X 

O  li.   X 

z  t 

3  yi 

i^  J' 

UJ  z 

CL  h-  r  UJ 

3  «1 

a;  I 

OX 

o  o 

I    I    I    I 


till 


I    I    I    I    I    I    I 


M  «I 

<r  J- 

o 

in 

<r 

h- 

in 

in 

f»d  in 

f\l 

^0  O"  a 

O  O 

iTi  u^  \0 

J- 

flO 

O 

J" 

in 

h- 

■3-   -H 

^D 

CT*  cr  o 

11    UJ 

J-    OO 

o 

a 

(T 

^ 

^ 

in 

O   « 

<r 

*4   O   O 

o  o 

O 

<r 

J>  -J- 

M 

1 

1 

cr  ro  in 

•H 

>■   < 

CsJ 

1 

(1   X 

1 

r   1 

N. 

UJ  z 

J- 

^O  1^ 

o 

T-- 

J- 

<T 

K 

^ 

nj  tD 

K) 

o  o 

13  1 

rj  J-  J- 

in 

in 

(T 

tf> 

M 

m 

in  » 

K 

fft  <r  o 

a  a 

a  r 

t/> 

J-   (VJ 

J- 

vO 

ro 

<o 

M  r^ 

J-  o  o 

C3   O 

Q£ 

o 

-^  (T 

o 

1 

N.   CJ 

U.  O 

o 

X 

1 

O 

u 

O 

<D  sD 

^- 

f\J 

o 

*4  (\J 

-»  (T  o 

o  o 

<H   O    O^ 

ro 

fO 

O  K 

PO 

J-  <r  o 

o  o 

J- 

« 

o 

Ifi  o 

4- 

TO 

0? 

o 

o 

pj 

J-  J- 

fO 

^  o  o 

o  o 

iH   I    ^  v4  ro  «-• 


•■  ly  (\j 

4  z  tt 

Z  o  Of 

«  ro  Of  Of  UJ 

>    •  ►-  >  X 

<  O  X  u  o 

I  J-  X  ftf  a 


K- 

<i 

«1 

UJ         1  </i 

«i       ttr 

<_>  r 

X  V  O 

>  >-  o  to 

o 

_l  w  o 

t-«  o 

<X  U  M 

»-*  O  t-t  o 

■H  nj 

Q^  t- 

X  Z  f- 

Ui  Z  »-  _l 

11     • 

O  3  O 

U.   UJ    M 

O    UJ    M 

^  tt 

M  O  <I 

Of  n 

z>  at 

UJ  13  a:  (/I 

«-t 

UJ  t-   X  U. 

O  CD 

u.  a  u  z 

or  o  o  >- 

UJ  O  UJ 

UJ         (/) 

O   D   Z   Z     • 

Of  Q£ 

Of  Of  >-« 

*-  o£  a 

(T 

=)  t-  o  M  a 

UJ  UJ 

t-  U.  UJ  o 

■tf  U.  UJ  tn 

O  (VJ 

t-  M  rt      a 

X     1     >  UJ 

1     >-  CO 

M  O  X  UJ  o 

<x  «x 

o  O  «»  X 

UJ   D  <  UJ 

•n^  <r 

»-   Z  O  X  (O 

-J  -J 

i-^or  _i 

X  q:  -t  o 

1-1 

-a  o  UJ  i-i  00 

1    1 

>-t  >-     1     X 

_*  _l  o  t-  <( 

UJ  u. 

X  O  U.   UJ 

w  C9  ij.  UJ 

X 

WW              o 

V  Z         -1 

W  O   Z  Z  _J  X 

1   ^          CD 

0.   -1  X 

z  w 

O  _J  l-t  W         t- 

O  CO         4 

o  o  u 

l-t  (0 

-i      <  «<  z  o  or 

m 

X    Z    H-l 

o 

.  O  O  O  Z  UJ 

li.  li.  >-  o 

Z  li.                I-I  UJ  z 

o  o  ^  a 

li.          X 

4 

o  UJ    •    •  (/)  a;  o  03 

M  a 

O  U- 

_»  UJ 

1-iiKi-t-cnt-Q.o 

Z  Z  _l 

U.   -1 

UJ  ■> 

t-          2   Z  »-l  W 

O  O  t-t  UJ 

or  o  «i 

o  «* 

Q.  O  1  <   X         -J   Z 

M   »H   CO   O 

UJ    1     3 

X 

Q£  Z             in  o  <z  >-• 

t-   1-   <I    M 

CD  UJ  l> 

o  3  a  q;  z  _)  z 

(J  O  i-<  > 

X  ^  q; 

X   >- 

(/>Ot-><XUJOZ 

«  «  J  QC 

3  «*   M 

l-t  ^ 

mo:ruafi-4MN., 

Of  Of  UJ  UJ 

z  I-  :> 

»~  w 

■««l3XQf>-U.trttO 

li.  b.  Of  to 

u.^XZtOO^<->i->         •- 
OOO>-<b0_J         «I4Z0Q: 
XZM         O  'OOOZUJ 

<XUJ>-_IZU.  »-<UJZ 

U.  X4  OUJ«*C0QfOffi 

On.  _JliJt-'Qr>-^-(/)»-Q-0 

u — iujr»»-       zzi-Htn 
Of  o  <  o  <x  0.  o 


i«ix       _ 

_i3       3:Kz  tna<i 

ouj^uj       o3q:q;z^z 


t-t  »-<  (D  o 


CUlUr—    UJ  l^—'CEKZ^^ 

X^D£ZVtOO^=>4UJOZ 

zt->^-t/i<(jx(yH-u.toi/i 


Of  K 


-I  Of 

UJ  UJ 

or  to 


I    I    I    I    I    I    I    I    I    I    I 


U.  li-  to 
li.  u.     • 

o  o  o 


J'   J'   (T  UV 


I      I      I      I      I      I 


rj  «3  CT  o  tr  fo 

-J   CO   UJ 

-J  o  o 

■H                  i^  (T 

o    .  o 

o;  to  X 

-)        u.  o 

1-   vD     1 

«1          £L  (O 

Z    -H    U. 

o  to  X  UJ       in 

O     t     UJ 

i-i  to              «  J- 

o 

K-   UJ                   II       • 

M    Z                    V    O 

Q;    5£                         r^ 

o  o 

U  r^ 

o   •  o 

0!t^  Z 


I    t    I    I    I 


I     I    I    I    I    I 


«x  t-H  ro  o  ^  ■ 


I     I     I     I     I     I     I     I     I     1     I     I     I     I 


C         UJ  \D  O  13 

■I         Q;  N.     t  (T 

si  «  O 

(   (T  UJ  II 

•  O  -J   -J  UJ 

fO  X 

K.   O  «   O  h-t 

CJ      •  »»>  O  »- 

J    O 

<Vi     I  Z 

UJ  CD 

X  -J  O 

^  O  X   X  \D 

•  OJ  Z 

3     •  4   >  « 


)  ^  X  (O  oc  o 


\0  J^  O 
fO  J'  ^X) 
ID   M    ^ 


tD  ^  o  o  o  a  o  I 


J-  h- 
N.    (VJ 

o  J- 


O  (/)  <0  sO 
li.  UJ    II      • 

^  rvj 


in  a^  ^o  1 
J-  to  in  i 
<r  -»■  «>  V 


>000^000( 


oj'<-i<C(rroroo(rr^oo 
<T'inj)in«)j'vc^*o'oaoo 
a}<f^orvl•'^<•<oro(^lna^o 


>  Li.  X    II      • 

^  m  ^  ^ 


Of   X 

o  o 

[O  »-i 


»  ^o  o  (VI  hh  m  ' 


^  tn 


I  (VJ  (T 

I  II    • 


X  o  o  o  ( 


oD  ro  I    I    I    I    I 


I    I    I    I    I    I 


Z     I  IVJ 

UJ  Z  vA 

3  «I  .^         ( 

a  X  I  to 


UJ   Z  -3- 
O  X    I    t 


4   fi^    «-«   «£    O   ^ 


to 


to 


to 


fO  fO  « 

a 

O  O  CM 


<  m  Of  Of  UJ 

>    .  ►-  >  X 

«  O  X  u  o 

z  ^  X  ar  & 


I  3  o 

I  o  < 
X  u. 


'  «-■  4 

I   O  X  I 

2  O  ] 

;  O  UJ  » 


r  o  X  X  >-  (J 

)  •-«  O  4  CJ  t-i 

»-  t-  r  z  I- 

ac  O        3  QC 
O  (D  U.  O  O   Z 
O  Ui         « 
•  Of  Of         Of  Of  •-■ 

.   UJ  UJ  »-  U.   UJ  (3 

:  >-  V  I   I   >-  UJ 

)  <   4   O  O  <    X 

)  -J  ^  i-t  a;  _t 
)    i     I    UJ  >-    [    w 
t  Ui  U.   X  O  U.   UJ 


tJ  UJ  » 
UJ  3  < 
Of  0( 


.  UJ  (O  O  *4 
>   to    II      • 

3  4  UJ  k:  O" 


I  <r 

0.  -1  X  z  to  o 

0.     • 

O  <J  O  •H  (O   _l 

to  -^ 

X  z  ^      o 

O  N. 

4   UJ  >-   -1   Z 

X  w 

U.          14          O 

O  U.          _l  UJ  t-t 

U.    _J  UJ   >  »- 

or  o  4  o  4  a 

UJ 

UJ    1     3         X   Of 

to 

(D  UJ  »-  UJ         O 

»-* 

X  stf  a  X  >-  to 

o 

3  4   •-'  1-4  )f  (D 

Z 

Z  1-  >(-  irt  4 

O  Z   Z  -J  X  4   "s. 

^  i-t  t-4      »-  Q  tn 

4  4   Z  O  Of 

•  OOOZUJ         U.U.] 
U.  »-<  UJ   X        o  o  ^ 

UJ*«tOQfO(D  *■ 

Qr,_t-int-aQZZ. 

Z   2  •-<  (O  O  O  » 

044X  _l2i-ii->( 

2  tn  O  4  •-*  t-  »-  « 

3or(kZ-jz       ou» 

0»->4UiOZ44. 

Qfroofi-'i-ivQc'afi 
oxar»-u.(otou.u.( 


tn  (VI 

O  kD 
X  ^ 


a_ixztoo_iM>-' 
o  o  o  •-<  to  J 


Of  o  4  o  4  a 


3  4  i-<  •-«  ^  A 


o  o 

t\t 

(T  *!> 

o 

m 

<r 

o 

o  o 

o  o 

«o 

(T  s£ 

(VI 

m 

cr 

o 

o  o 

o  o 

(VJ 

O    *4 

o 

(VJ 

o 

o 

o  o 

(O 

1 

•  FO 

to 

in 

to 

to 

o 

Z 

O  2 

z 

J  I 

4 

s 

O 

(O 

4 

4 

4 

Z  i-) 

or 

(Q 

•  o 

o 

O  2 

UJ 

u. 

u. 

>-  o 

It. 

X 

o 

►-  Of 

in  or 

o 

(S 

•-•  a 

or  »- 

to  t- 

Q. 

tn 

T 

z 

z 

z 

t->  (O 

o 

o 

O  4 

4 

X 

z 

ffi  u 

z 

to  o 

4   (I 

3  QC 

or 

2   -1 

z 

o 

tJ 

^    > 

O  t- 

> 

4  UJ 

o 

z 

4 

^  K 

a  z 

u 

tt    !-• 

•>H 

"V 

or 

or 

O  X 

or 

►-  U. 

to 

tn 

h. 

u. 

Of  in 

55 


APPENDIX  C 


Angle  and  Power  Estimation  for  90  Percent  Reliability 


57 


An  algorithra  developed  and  implemented  by  Rosich    (1969) 
permits  calculation  of  the  transmitter  power  required  to  achieve  a 
given  value  of  circuit  reliability  or  service  probability  and  time 
availability  on  HF  ionospheric  telecommunication  systems.      The 
accuracy  of  this  computer  program  has  been  demonstrated  by  direct 
hand  calculation  and  by  comparison  of  the  results  with  predicted  reli- 
abilities and  service  probabilities  for  given  input  power  levels.      Thus, 
the  accuracy  is  an  implicit  function  of  the  original  prediction  program. 

The  first  page  for  each  distance  of  500,    1000,   2000,    3000,    4000, 
and  5000  km  of  this  appendix  summarizes  the  required  transmitter 
power  and  arrival  angles  for  hours  1  through  11   UT  at  four  bearings 
for  April,    May,   and  June,    19  69.     Additional  information  about  the 
system  parameters  are  contained  in  section  5  of  this  report. 

Each  subsection  as  identified  by  distance  contains  information 
about  the  required  transmitter  power  and  arrival  angle  statistics  by 
hour  and  by  bearing  combinations.      The  bearings  indicated  by  1,   2,    3, 
and  4  correspond  respectively  to  north,    east,    south,   and  west. 
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APPENDIX  D 

A  Collection  of  Amplitude  Probability- 
Distributions 


77 


This  appendix  contains  a  sample  of  the  amplitude  probability- 
distribution  function  analysis  for  one  night  (April  4  and  5,    1969; 
Day  94).     The  data  for  this  date  were  recorded  for  hours  2,   5,   8,   11, 
and  12  UT,   which  corresponds  to  hours  19,   22,    1,    4,   and  5  local  tirae 
at  the  receiver. 

Data  for  each  hour  consist  of  ten  5-min  records,    one  each  for 
ten  100-Hz  receiving  channels.      The  fifth  100-Hz  step  was  centered  on 
the  desired  Long  Branch  transmitter  frequency  of  2.666240  MHz. 

The  plots  are  on  modified  Rayleigh  probability  paper.     A  Ray- 
leigh  cumulative  distribution  function  would  not  yield  a  straight  line  on 
these  plots  due  to  the  non-linear  transfer  function. 
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Percentage  of  Time  Exceeded 

Record  of  channel  No.    1   for  day  94  --  identified  as  00  min  after  the  hour. 
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Record  of  channel  No.    2  for  day  94  --  identified  as  05  min  after  the  hour. 
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Record  of  channel  No.    3  for  day  94  --  identified  as  10  min  after  the  hour. 
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Percentage  of  Time  Exceeded 

Record  of  channel  No.    4  for  day  94  --  identified  as  15  min  after  the  hour. 
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Record  of  channel  No.    5  for  day  94  --  identified  as  20  min  after  the  hour. 
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Percentage  of  Time  Exceeded 

Record  of  channel  No.    6  for  day  94  --  identified  as  25  min  after  the  hour. 
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Percentage  of  Time  Exceeded 

Record  of  channel  No.    7  for  day  94  --  identified  as  30  min  after  the  hour. 
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Percentage  of  Time  Exceeded 

Record  of  channel  No.    8  for  day  94  --  identified  as  35  min  after  the  hour. 
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Percentage  of  Time  Exceeded 

Record  of  channel  No.    9  for  day  94  --  identified  as  40  min  after  the  hour. 
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Record  of  channel  No.    10  for   day  94  --  identified  as  45  min  after  the  hour. 
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